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I INTRODUCTION

Empirical evaluation of the reliability, accuracy, and reproducibility of vital signs monitoring

(VSM) devices hv.s historically been an intractable problem. In the civilian sector, the problem has

been partially circumvented by drasticall%. limiting the prescribed operational environment

requirements.

In the case of military VSM devices, it is impossible to drastically constrain the operational

environment requirements. Military vital signs monitors must perform reliably in c-mventiona! and

NBC warfare situations, across extreme temperatures, over unique garments, In high noise and5 vibration environments, over a wide range of altitudes, and in contaminated surroundings. These

severe operational requirements have prompted the Army, Air Force, and Navy to invest many

millions of dollars over the past six years in an effort to develop a system capable of supporting

battlefield casualties. As a consequence, the unique requirements of the DoD and the extensive

funding of this rese-arch and development effort have resulted in significant advances in the state-

of-the-art of vital signs monitoring instrumentation.

While these advances greatly surpass commercially available technology, they have not been

accompanied by comparable advances in requisite test and evaluation methodology and

instrumentation. As a result, we now find ourselves in the disheartening position of having

sophisticated, high performance devices, but grossly inadequate methodology and instrumentation

for credible evaluation of device reliability, accuracy, and reproducibility,

The purpose of this research and development effort is the development of testing and

evaluation methodology and instrumentation which wifl permit the credible eva!uation of VSM

devices in both the advanced development phase and in the production quality control phase.I
5 2 BACKGROUND

The task of evaluatin-i medical devices for military deployment includes the determination3 of device survivability and fu-ictional performance. The issue of VSM device survivability can be

adequately determined with existing test and evaluation (T&E) met!,odology and instrumentation.

These procedures are documented in various military standards documents (e.g., MIL-STD 810D,

461, 462, etc.). In contrast to this, the issue of VSM device functional performance is not covered

by any applicable military T&E standards; thus, guidance is sought from civilian/commercial
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standards.
At the present time the Food and Drug Administration (FDA) has not promu!gated

performance standards for vital signs monitors that determine blood pressure and heart rate. The

FDA's principal function regarding medical devices is to verify safety and manufacturers' claims

regarding performance. The FDA informally employs a voluntary industry performance standard

promulgated by the Association for the Advancement of Medical Instrumentation (AAMI SP- 10) for

the assessment of electronic blood pressure monitors. With regard to heart rate, we are not aware of

any FDA or non-FDA performance standards.

AAMI SP-10 requires clinical evaluation of electronic blood pressure monitors. For each

functional performance !est condition, a minimum of fifty noninvasively instrumented human

3 subjects or fifteen invasively instrumented human subjects are required.

Since commercial civilian devices normally have only ONE test condition (room temperature,

bare arm, NO noise or vibration, near sea-level altitude), the experimental risk involved with the use

of fifteen invasively instrumented human subjects (fluoroscopically instrumented with an intra-

arterial catheter) is relatively small. However, if many different combinations of test conditions are3 required (as is the case with military requirements), the associated risk to humar volunteers rapidly
increases to a level at which invasive testing is not justifiable.

The alternative to invasive testing is to noninvasively instrument the human test subjects.

The AAMI standard requires a minimum of fifty such human subjects (having a wide range of blood

pressures) and requires that the device performance be determined by coMorison to the auscultatory3 method (detection of Korotkoff sounds via a stethoscope by a trained technician). In addition to the

fact that multiple test conditions require multiple measurements on the 50+ human subjects, using

the auscultatory method as a standard presents a MAJOR problem for testing under military

operational conditions. The auscultatory method DOES NOT work in high noise and vibration

environments; it is very unreliable when obtained through heavy garments (such as MOPP gear), and3 is biased by the subjectivity of the measurement obtained by the technician'. While this subjectivity

error can be controlled under normal conditions, testing uncer adverse conditions (e.g., extreme heat

or cold) will significantly confound the measurement, necessitating that the experimental design

include many more measurements than normally than are normally required.
Furthermore, the blood pressure and heart rate are very labile physiclogical parameters - they3 •.an change dramatically in very short time periods. Reasons for such changes include physical,

physiological, and psychological stress. For example, systolic blood pressure has been shown to

change as much as 50 mmHg in as little as 30 seconds 2 . Heart rate can decelerate to zero in as little

as one beat or can increase as much as 50% in a few seconds. All techniques measure a physiological

parameter at a specific point in time. Unless one is certain that blood pressure and heart rate are
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stable, the results from a single measurement become invalid in a very short time period and repeated
measurements are essential. Furthermore, during rapidly changing blood pressure and heart rate

conditions, both manual and automatic measurements yield erroneous results.. That is, the

measurement doe3 not yield either the initial value nor the final value, but some 'intermediate value

of questionabie validity.

Multiple measurements on many human subjects takes a considerable amount of time., Each

time a counter-pressure cuff is inflated to occlude blood flow to an extremity, it causes ischemia ard

disturbs the normal physiology of the extremity, This is a real limitation of all noninvasive blood

pressure measurement techniques.. intermittent occlusion, separated by reasonable time intervals,

permits restoration of normal physiology to the extremity. Hoeever, rapid repetition of occlusion3 by a cuff will, as time progresses, become more and more like continuous occl,:sion. This is contra-
indicated riot only because of the adverse effects on the extremity, but a;so because it attenuates the

physical phenomena normally employed in the measurement of blow prcssure. While two or three

measurements in rapid succession should not create problems, monitoring over a period of an hour

or so should be done at "bout five minute intevals and mcaitoring for longer time periods should3 be done using longer time intervals between measurements. In this way, the effect of the previous

mesurement does not affect the results of the subseluent measurement.

The requirement for muLtiple human subjects results in the necessity for multiple cuff

applications. Proper selectron .,nd application of the cuff is important for accurate determination of

blood pressure. In both the osc, :iometric and statometric blood pressure measurement technique, the3 cuff is the ultimate transducer, without which a measurement cannot be achieved. In automated
versions of the auscultatory technique, the microphone is normally located within the cuff, once

again making proper cuff placement essential. Proper selection of cuff size, relative to the diameter

of the extremity will prevent false or cuff hypertension3 . Cuff hypertension is an erroneously high
blood pressure reading that occurs because the pressure in the cuff is not completely transmitted to

the anderlying artery. This normally occurs when the cuff width is small compared to the

circumferen,• of the extremity. Cuff placement is also important 3n automated blood pressure

measurement. In a device using the auscultatory technique, placement of the microphone over an

artety maximizes signal detection and minimizes erroneous readings. In a device that uses the
statometric technique, the distal sensing cuff acts analogous to a *microphone". The best placement

requires that the middle of the air bladder be located over an artery, but without contacting the

proximal occluding cuff (e.g. over the radial artery of the arm immediately below the elbow).3 All instruments are subject to noise/vibration induced errors and 'noise immunity" is always

a matter of degree. While it is normally impossible to prevent vehicle-related noise/vibration during

patient transport, this is not usually the case with patient-related noise/vibration Patient motion

"Use or disclosure of report data is
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represents a significant impediment to the measurement of blood pressure; this is obvious for manual
phenomena that either mimic or interfere with the signals that automated devices use for determining

blood pressure. Gross movement of the whole arm or leg can create "false" pressures in the counter-
pressure cuff, leading to a blood pressure that is either higher or lower than the coi;ect reading.

Flexion, extension, or rotation of the hand or foot, especially in a rhythmic fashion, can create

signals identical to those used by the oscillometric and statometric techniques. The ultimate defense

against patient motion artifacts is to prevent patient voluntary motion. The penultimate defense is

to observe the patiert's extremity during the measurement and exercise caution in interpreting the

results if significant patient motion was observed during the measurement.

One must also be aware of the pressure difference due to the position of the extremity. The3 vertical distance between the heart and the blood pressure sensor causes a systematic error in the

blood pressure measurement'. For every five inches of vertical distance, the pressure error exceeds
nine millimeters of mercury,

S3 APPROACH

In order to fabricate a test fixture for vital signs monitors, we must completely understand

the physics and physiology of each technique for noninvasive blood pressure measurement -

auscultatory, oscillometric, and statometric,I
3.1 (leneral

.n order to measure arterial pressure nonir.vasively, one must apply a blood pressure

cuff around the arm. The cuff pressure is transmitted through the tissue and acts on the

outside surface of the artery. If the external pressure acting on the artery is greater than the3 internal arterial pressure, the artery collapses, interrupting flow in the artery. Various

techniques detect this event, reporting the cuff pressure required for the zero flow state as3 systolic pressure. These techniques also measure or estimate diastolic and mean pressures.

3.2 Auscultatory

The auscultatory method of measuring blood pressure consists of listening for

Korotkoff sounds as the cuff is deflated from above systolic pressure to below diastolic

pressure. There is disagreement as to the origin of these sounds5. Korotkoff6 believed that

the sounds were caused by the arterial walls "slapping" against each other as pulses of blood
passed through the partially occluded artery. Gittings7 believed that the sounds were caused

"Use or disclosure of report data is
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by sudden distention of the compressed, partially occluded artery. Other theories include a
mechanism involving dynamic instability of a viscoelastic system of tissue8 . Conrad et al
believe that these sounds are caused by fluid turbulence 9. No conclusive scientific evidence3 has yet been obtained to prove or disprove any of these theories.

In our attempt to model the human limb, we used a combination of Korotkoff's theory

and that of Conrad et al. The vessel which we have designed permits the "slapping" of the

artery as it closes upon partial occlusion., In addition, a microphone, which is fluidically
coupled to the arterial line distal to the occluding cuff, is used to pick up the sound for
fu.:ther amplification., Thus, any sounds generated by turbulence or "slapping" can be sensed

at this position.

1 3.3 BFS Theory
The BFS Theorya (Blaumanis, Falk, and Samaras) describes the principles of the

noninvasive measurement of blood pressure. Researchers in the field of venous occlusion
plethysmography noticed that when an occluding cuff was applied to the arm and the cuff

pressure was held at a pressure above venous occlusion pressure, the distally measured

intravenous pressure, became equal to the cuff pressure1°. We repeated these experiments and

found that the intravenous pressure equals that of the cuff from a pressure just above venous
occlusion until mean arterial pressure (MAP) is reached.

The explanation is as follows. Consider the limb, distal to the occluding cuff, as a

3 control volume., Normally, on average, the arterial inflow equals the venous outflow, The

entire pressure drop (arterial-venous) occurs at the level of the microcirculation, the arterioles
and capillaries. Now, if the cuff is inflated to just above venous occlusion pressure (say 10

mmHg) the outflow will cease momentarily. As a result of the diminished flow, ihe total
pressure drop is also diminished, since the latter is due primarily to the viscous frictional

losses in tme microcirculation. Thus, the reduced flow, due to outflow obstruction, results in
an increased pressure within the down-stream elements of the vasculature, the venules and
veins. The incipient increase ir. venous pressure under the occluding cuff will, therefore,

tend to open the collapsed veins and flow will resume. At this point a dynamic equilibrium

is established where venous pressure is, on average, equal to cuff pressure. If we now inflate3 the occlusion cuff to higher and higher pressures new equilibrium points will be established

such that venous pressure rises to the level of the cuff pressure. Obviously a point must be3 reached where venous pressure will equal arterial pressure and flow will be zero. At this

5 a An article is being prepared for publication in the c-jen scientific literature.
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point an interesting question arises: when net flow is just reduced to zero by venous

occlusion, what is the venous pressure and therefore the cuff pressure? At first it may be
tempting to suggest that these pressures should be equal to the systolic arterial pressure. In3 fact, however, the pulse pressure is virtually entirely damped in the microcirculation so that
nothing corresponding to systolic pressure ever appears on the venous side of the circulation.
The venous pressure in tne outflow-occluded stump is, in fact, equal to mean arterial

pressure. This fact, which we have confirmed by direct measurement, also has a sound
theoretical basis. The average driving force for flow in the microcirculation is the root-

mean-square (RMS) pressure. To the extent that the RMS pressure can be equated to the

more traditionally defined "mean arterial pressure", we see that the magnitude of the latter5 is most closely related to measurable dynamic events in the limb, particularly the rate of

change of volume as a result of blood flow. Thus, mean arterial pressure, which has
heretofore been defined by acclamation or measured by an electronic integration, in the so-

called BFS theory emerges as a real physical force. Our current concept of the reality of
MAP is fundamental to understanding the physiologic mechanisms of the oscillometric and3 statometric methods of measuring blood pressure.

3.4 Oscillometric

In the oscillometric blood pressure method, it has been empirically observed that as
cuff pressure is decreased from an initial pressure above systolic pressure, the lowest cuff3 pressure which gives maximum oscillations in the cuff pressure is MAP"1 . Systolic and

diastolic pressures are estimated using ai. empirically-based aual slope estimation technique.
The MAP determination, furthermore, has never been physically or physiologically explained.

We believe that the BFS Theory describes the maximum oscillations occurring at the point
where cuff pressure is equal to MAP.

The oscillations are small and unchanging when the cuff is above systolic pressure.
This is caused by the "leading edge" effect. The edge of the cuff proximal to the occlusion
is influenced by pulses in the proximal artery, or "stump". As the cuff deflates through

systolic pressure, the pulse amplitudes increase. This is caused by the pulses partially passing
through the occlusion and creating a pulsating pressure in the cuff. The venous pressure3 distal to the cuff increases, and approaches the mean arterial pressure distal to the occlusion.

When the cuff pressure is equal to MAP, the arterial pressure and venous pressure distal to

the occlusion are also equal to MAP. As the cuff deflates a very small amount, the venous

pressure (MAP) will be greater than the cuff pressure (just below MAP). Outflow from the
distal limb commences. Since the cuff is sensing pulses which represent a net flow
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phenomenon, the pulses sensed by the cuff st3rt to decrease in amplitude. Thus, the pulse

amplitudes measured by the cuff have a maximum at MAP.

I
3.5 Statometric

The statometric technique is a blood pressure measurement technique that uses a low

frequency (on the order of 0.15 Hz) limb volume change to determine blood pressure1 2 . In
this technique a limb volume sensor is placed distal to an occlusion cuff. As the occlusion

cuff is inflated above systolic pressure the distal limb becomes ischemic. Within a few

seconds the normal autoregulatory mechanisms attempt to compensate for the ischemia. In

effect the vascular capacity is increased by visodilation. As the occlusion cuff is slowly

deflated through systolic pressure, the distal limb volume starts to increase. As the cuff

pressure is further reduced to the level of MAP there is a rapid change in the rzte of filling

of the distal limb. This occurs because, as predicted by the BFS theory, venous outflow will

begin when cuff pressure is slightly less than MAP. At this point the limb volume vs.

pressure curve shows an inflection point which corresponds to the beginning of outflow and

an occlusion cuff pressure equal to MAP. Thus systolic pressure is the point at which the

limb volume first begins to increase and MAP is the point at which the rate of increase

changes most rapidly. Diastolic pressure is calculated using the relation, D=4i(3M-S).

I
I

I
I
I
I
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3 4 DESIGN

Fig. 1 s.ows the schematic diagram of the fluidic system of the test fixture. This system is

separated into two sections. The first section is called the heart (inside the wood box), and the

second is called the arm (limb).

HEART VNOUS PRESSURE RANSDUCER ARM

CONTROL VALVDS

I RES~T RESTRI CAPIA (BOY)

AREl(BPYES- DUMP VALA U
---- ----

RESERVOIR VAIC

RAD'kLI LOOP

r ---- ----

ART'EERIAý. PRESSURE TRANSDUCER CUFF

CUFF PREISSURE TRANSDUCER

MICROPHONE (PRESSURE 7RANSDUCE)

--------------------------------- . . . ..----------- ..------.------------------------------------------

Figure 1. Schematic Diagram of the Artificial Arm and Heart

1 4.1 Heart

The functional diagram of the heart section is shown in Fig. 2. The inlet of a gear

pumpb is attached to a reservoir (simulating the venous pool). The level of the fluid in thereservoir creates a pressure head on the inlet of the pump representing central venous

pressure. The outlet of the pump is attached to the arm as well as a restriction sim,-lating the
peripheral resistance of the rest of the body.

The reservoir is heated with an electrical heating element. This element is ,;ontrolled3 with a bang-bang controller. The temperaturec measured in the reservoir is compared to a

b Cote Parmer: Pump Head Model #7002-18, Motor Model 97144-91, and Power Suppty Model #2630-90.

3 c The teperature sensor is Anatog Devices AD590.
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threshold temperature of 37°C. The .O SS TANSWC.RIROM ARM

com parator outp ut con trols the -- M LPC~ t T*N0% E E M

h e a te r , T o p re v e n t A RsTC RO-7

° overheating of the reservoir, the

fluid is constantly circulated at a

minimal rate. This prevents any I

potential for localized temperature

gradients and possible damage to the PUMP3 reservoir or heater. When the heater

is on, the red light oa the front of

the wood box is on. This is to Figure 2. Functional Diagram of the Heart

indicate to the user that the heater

system is active,

A control system is required for maintaining the arterial pressure stable and equal to

the desired pressure. The controller consists of three parts. The first part is an open loop3 controller The computer controls the pump via a digital-to-analog converter (DAC); the

desired pressure is converted to voltage and applied to the pump power supply. The

conversion was determined by applying a voltage to the pump and measuring the arterial

pressured., The empirically determined equation for this is:

i Vpgjqp, = -0.1334[Vpress 3 ] + 1.2178[Vpress2 ] - 1.2401[Vpress] + 1.2732.

3 The desired arterial pressure waveform is calculated using the following equation.

P(t) = EJ[Ajcos(t.HR/2i) + Bisin(t.HR/27r)]

3 where i ( (1,2,3,4,5,6)

Ai = {- 10.14,-0.30,-0.15,1.08,0.21,0.42)3 Bi = {6.79,-3.29,-0.97,-0.24,0.07,0.63)

The second part of the •.ontrol system is a bang-bang controller. A solenoid valvee

3 is controlled by comparing the real arterial pressure and the desired arterial pressure. The

I d The pressure transducers are Data Instruments Model #EA9300002, 0-15 peig.

3 • Asco Model 08262C6 12V normally closed valve.
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inherent capacitance in fluid inertia, M ,
as well as the capacitance of the Es -m'S el

s imiulIa t ed artery, r e sulIt "I~epAr

in a time delay from the pump

applying pressure to the pressure I ,
TW DELAY - 120-

sensed by the arterial transducer; this Figure 3, Fluid Delay Compensation Circuit

time delay was measured to be 120

milliseconds. Therefore, the desired pressure signal must be temporally synchronized to the

real pressure. The computer delays the desired signal by 120 msec and then sends, via a

second DAC, the desired pressure to the bang-bang comparator. Fig. 3 shows the functional

3 diagram of this concept.
The third part of the control loop is an adaptive controller implemented in the

software. Since the arm and the "rest of the body" are parallel (and very different) circuits,

the actual arterial pressure varies as the arm is partially occluded (taken out of the circuit).

The error between the desired pressure (systolic and diastolic) and the actual pi 3ssure (systolic

and diastolic) is calculated every two pulses. This error is used to modify two coefficients

which are applied to the oscillating component and the offset component of the desired

waveform applied to the pump. This adaptively controls the pump depending on the actual

and desired arterial pressures. These three parts of the control system are necessary to control

this complex and dynamic circuit.3 In order to calibrate the device, application of the calibration assembly allows

pressurization of the reservoir and the cuff. This static pressure is transmitted to the whole

fluidic system as well as the cuff pressure transducer. The arterial, venous, and cuff pressure

transducers can be calibrated simultaneously.

1 4.2 Arm FRO , __ MW

In order to provide an TO -W . .MR

anthropomorphic test fixture, the arm is OW H__T

constructed from a modified IV training 
|

arm. Fig. 4 shows the fluid schematic. The

plumbing consists of a simulated artery, an TO ,,W.-

expandable bag (simulating the distal limb3 volume), a restriction (simulating a

capillary), and a simulated vein. Fig. 5 TO

shows the side view of the limb. The artery Figure 4., Functional Diagram of the Arm
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and vein are located on the upper arm. A chamber of oil, covered by a rubber membrane,

is the cuff pressure sensor. This is fluidically coupled to a pressure transducer. The cuff
pressure is transmitted through the skin and membrane to the oil, and in turn, the transducer.
Another pressure transducer is used as a microphone. It is attached to the arterial line distal

to the artery.. Sounds generated by the n..rtry (Korotkoff sounds) are sensed by this
transducer, amplified, and played back thrctih -., pepker located under the skin at the elbow

on the arm.

RUSM LD Mlc.

Figure 5., Physical Location of Arm
Components

I There are two major technological advances in the limb - the occluding vessel and the

simulation of ischemia.

4.2.1 Vessels

The initial design of the occluding

vessels (artery and vein) was a flexible tube OPEN PARTIALLY COLLAPSEO COLLAPSED

(penrose rubber). We placed this rubber

tube inside a closed chamber of water which 0 C = :) ©

had one pressurization port. The rubber

tube had water flowing through it at a Figure 6. Illustration of Tube Collapst

certain internal pressure. Unlike Kresch &

Noordergraaf 13'14, Conrad15 , and Holt16, who imply that flow is zero when internal pressure

is equal to external pressure, we observed that the flow was not zero when the chamber
pressure was equal to or greater than the internal tube pressure (occlusion). We discovered

Sthat (as did Kresch and Noordergraaf, 1972) as the rubber tube collapsed, extremely small

channels remained at the outer ends (Fig. 6). The chamber pressure had to be very large in
order to collapse the small channels.

Since penrose rubber was not suitable as an in situ occluding vessel, we developed our
own occluding vessel. Fig. 7 shows the mechanical drawing of this vessel..
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The fluid pressure (e.g., arterial pressm-e) causes the thin rubber membrane to "bulge"

and fluid is allowed to pass through the vessel. If the occluding pressure (from the cuff) is

equal to the fluid pressure, the fluid cannot create the bulge, and tte vessel is occluded. The

forces arising from the fluid pressure and the external pressure are in balance (since thz areas

on which the forces act are equal). As one would expect, the arterial pulses can be measured
in the oscillating movement of the rubber membrane, and in turn, in an. occluding cuff

applied to this vessel. This design results in a pract-cally-realizable Starling resistor1 7.

3 OCCLUDING VESSEL for ARTIFICIAL ARM

TOP VIEW TOP VIEW (ASS'D)

I 0
A k0 25

30

I ASSEMBLY DWG

SECTION A-A 
25fltha

0 125 rubber membrone

0 625 
#2-56 nut

I Figure 7. Mechanical Drawing of GMS Starling Resistor

1 4.2.2 Ischemia
In the human, the arm becomes ischemic when the artery is occluded and the distal

i portion of the arm ceases to receive blood. This causes vasodilatation, which decreases the

intravascular pressire. Blood flows into the arm when the cuff pressure is deflated below

systolic pressure, because of this intravascular pressure decrease. If the intravascular pressure,

distal to the occlusion, remained constant (at MAP), then the inflow of blood (when the
occlusion is no longer total) would be prevented. This is because, in order to create

I significant flow, there must be a pressure drop. In the prototype test fixture, ischemia is

simulated using a valvef (dump valve in Fig. 1). This valve, when opened, allows some of3 the fluid in the limb distal volume (see Fig. 1) to empty directly into the reservoir., This

f Asco Model #8262•210 12V normtty closed valve.
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volume redrction causes the "intravascular" pressure to decrease. In effect, the same result
as vasodilatation has been created. The simulation of ischemia is essential to the operation
of the three blood pressure measurement techniques. Each of these techniques operates on

the fact that as the cuff deflates below systolic pressure, the blood flow into the limb becomes

significant.

1 4.3 Electrical Hardware
The electrical schematics are located in Appendix A. The first schematic is the

computer interface board. There are anti-aliasing filters for each transducer. There is an
eighth order low pass Butterwcrth filter for the arterial transducer. The arterial transducer5 signal requires the use of a Butterworth filter to reject the oscillations due to the control
valve. There are fourth order low pass Bessel filters for the other transducers. Also on the
board are two comparators (essentially bang-bang controllers); the valve controller and the

heater controller. The second schematic shows the circuit located in the arm box, consisting
of the valve drivers, the transducer drivers, and the audio amplifier for the Korotkoff sounds.5 There are fuses to protect the electronics from any current surge or electrical short. They can

be found on the power supply box on the computer stand. The fuse next to the power cord
(on the AC side of the power transformer) is a four amp fuse, and the other fuse (on the DC

side of the power transformer and located next to the round connector) is an eight amp fuse.

4.4 Computer Software

The software code is located in Appendix B. The program is written in C, and it
includes Halo graphics software and C-Tools (used for the interrupt service routine support).

The program is modular to allow for modification if necessary. Its function can be seen in
the video manual showing the setup, calibration, operation, and troubleshooting of the test

5 fixture.
The program consists of three parts. The first part is the vital signs menu and help

functions. This utilizes the Halo graphics routines and the arrow and enter keys on the

keyboard to choose vital signs parameters or obtain on-line help. The second part is the main
shell of the program. This updates the screen approximately every second. The screen
consists of two traces, a process diagram., a manometer, a user-entered header, the time and
date, and the numerical information describing the arm. Both the on-line help and the video5 tape are necessary to view for further understanding of the operation of the arm. The last
part is the interrupt service routine. This acquires data and controls the pump and control
valve. This routine is entered as an interrupt to the processor every twenty milliseconds.
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S5 RESULTS

The prototype test fixture simulates the circulatory physiology of a human limb. The3 auscultatory technique, the oscillometric technique, and the statometric technique measure the arterial
pressure in the arm (controlled by the pump and fluidic system). This prototype test fixture

eliminates all of the inherent problems of testing noninvasive vital signs monitors with many human

subjec~ts.
With the use of this test fixture, one does not need many human subjects and multiple

measurements. One can set various blood pressures and heart rates, place the fixture in any

environment, and test the vital signs monitor accurately.

The problem of the vital signs being very labile is no longer an issue here. The test fixture

maintains the desired blood pressure. There is no physical or psychological stress. The fixture has

been tected for eigbt hours continuously, and the blood pressure remained constant (within 2 mmHg)

3 during that time.

The test fixture does not need time to equilibrate after a blood pressure measurement. The

user can take vital signs measurements several seconds apart (after the previous one ends).

The problem of cuff placement is magnified in many subjects. The cuff must be applied

multiple times (as many as there are subjects). The cuff needs only to be applied once on the test

I fixture.

The test fixture makes no voluntary movements. Any movements are passive and caused by3 the user or the environment (shake table or vehicle). The patient movement problem does not appear.

There exists no pressure error due to differences in vertical height of the heart and the

measuring site. The arterial pressure transducer is on the same vertical level as the artery. The

pressure error is zero.
Due to time and budgetary constraints, this prototype test fixture was minimally tested. There

3 are some problem areas with the arm that the user must understand to properly use it. The next

section discusses these problems in detail.

I
6 PROBLEM AREAS AND SUGGESTIONS FOR FURTHER WORKI

There are several problem areas that we have encountered in this development effort. Time

and budgetary constraints prohibited us from investigating these areas more completely., In order for

one to use the arm properly, one must fully appreciate these problems areas and their effects on the
function of the arm.
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The first problem area is the control loop. The adaptive part of the control "oop depends

solely on the heart rate, since the systolic and diastolic pressures are computed every two pulses.

Overshoots are increas,.. and small oscillations aie extended in time as the heart rate decreases. We

have observed that in the prototype test fixture, the oscillometric technique operates more

inconsistently as the heart rate is lowered. We believe that further development will allow fine tuning

and more complete testing of the control loop, and in turn, allow consistent operation of the

oscillometric technique over the whole heart rate range.

The second problem area 'is the cuff pressure transducer's nonlinearity and cuff placement

criticality. This transducer consists of a chamber of oil covered with a thin rubber membrane. This
chamber is fluidically coupled to a pressure transducer. The cuff pressure couples to this chamber

through the skin. We Save found that the overall (cuff to pressure transducer) cuff pressure

measuring system is slightly nonlinear. The cuff pressure is higher than the transducer measurement

for low cuff pressures. We believe that further development will allow us to redesign the cuff

pressure transducer chamber so th.,t the system is linear, or as a minimum, deterministic. The user

must calibrate the cuff transducer immediately after each and every cuff application. We have found

that ,he cuff placement is extremely critical to the pressure transmission from the cuff to the

transducer. A re-iesign of this chamber will eliminate the need for the frequent calibration.

The third problem area is the noise of the solenoid valve opening and closing. This sound

oropagates through the flaid lines and is sensed by the microphone. This sound, along with the

Kocotkoff sounds, are amplified. The valve sounds result in the difficulty in hearing the Korotkoff

sounds. We believe that further development will permit us to obtain a specially fabricated valve

with rubber stops (instead of the metal ones); this will eliminate the valve sounds.

The fourth problem area is the "dump valve" control. This valve is modelling the ischemia,

and is controlled by the relationship between the cuff pressure and the systolic pressure. When the

cuff pressure is greater than systolic pressure, there is no flow in the arm. A flow transducer' (or

differential pressure measurements) in the arterial line would allow better control of this valve. We

have found that the problem of the cuff pressure transducer magnifies the problem here. If the cuff

pressure transducer is inaccurately measuring the cuff pressure, the "dump valve" is opened at the

wrong time, and the distal limb is emptied too early or too late. Both of these scenarios lead to the

inconsistent operation of the oscillometric and the statometric techniques. Further development

might result in another method (fluidic) of modelling the ischemia.

The prototype test fixture is fragile and minimally tested. The scientific progress in

understanding and modefling the underlying physical and physiological principles of noninvasive

blood pressure measurement is considerable, This, unfortunately, minimized the time for ruggedizing

and testing the final test fixture.
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7 CONCLUSIONS

The prototype test fixture fills a void in checking, calibrating, and maintaining vital signs

monitors. This test fixture will allow accurate monitoring and control of the simulated dynamic

arterial pressure; ,his eliminates all of the associated problems in testing noninvasive vital signs
monitors (see the Results section). The test fixture has a great potential in both the military and

civilian environments; it should allow routine checking of all vital signs monitors, aihJ it should
improve maintenance of vital signs monitors.

I
i
I
I
I
I
I
I

I
I
I
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APPENDIX A - Electrical Schematics
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I
APPENDIX B - Software Code

ARM DEFINITIONS */

#define FRAME Ox01 /* The IRR bit set by frame clock *1
#define A2D OxO2 /* The IRR bit set by AID EOC */
#define DELAY Ox04 /* The IRR bit set by write delay */
#define ARTP OxO0 0 * Arterial pressure */
#define CUFF P Ox01 /* Cuff pressure */
#define VEINP Ox02 /* Venous pressure */
#define CORE T Ox03 /* Core temperature */
#define SKIN T Ox04 /* Skin temperature */
#define MAX iEASURED 500
#define DASi BASE Ao1)R 0x310 /* Base address of DAS-' board */

#define A2D 1O BYTE 0x310 /* A/D converter data Low byte */
#define A21_HIBYTE 0x311 /* A/D converter data hi byte C/
#define START 8BIT 0x310 /* Start 8-bit conversion addr */
#define START_12_BIT 0x311 /* Start 12-bit conversion addr */
#define DAS8 STATUS 0x312 /* DAS-8 status register '/
#define DAS8_CONTROL 0x312 /* DAS-8 control register */
#define CNT_0 0x314 /* 8254 counter #0 address '/
#define CNT_1 0x315 /* 8254 counter #1 address '/
#define CNT_2 0x316 I* 8254 counter #2 address */
#define CNTCTRL 0x317 /* 8254 control reg address '/
#define INTCHAN OxO5 /* Hardware interrupt 9 used '/
#define EOIADDR Ox20 /* 8259 control register */
#define PIC 0x20 /* 8259 control register ./
"Udefine ENABLE INTS OxO0 /* "Enable interrupts" command /
#define DI OUT HI OxlO /* "Set DI out hi" command */
#define D2_OUTHI Wx2O /* "Set 02 out hi" conlmnd /i
#define D3 OUT HI Ox4O /* "Set D3 out hi" command '/

#define D4_OUTHI OxWO /* "Set D4 out him command C/

#define DACOLO 0x308 /* DACO's to byte address C/
#define DACOHI 0x309 /* DACO's hi byte address C/

#define DACILO Ox30A /* DACi's to byte address '/
#define DACIHI Ox30B /* DAC11s hi byte address 'I
#define DACMAX OxFFF /* Maxinum DAC output '/
K.Jefine ECGLO DACOLO /* DACO is the ECG output '/U Udefine ECGHI DACOHI /- DACO is the ECG output */
#define HEATER DACILO /* DAC1 is the Heater output */
1define FRAME ERR Ox01 /* Frame overlap Cf

#define A21_ERR Ox02 l* A/D overlap */
#define DELAY_ERR OxO4 /* Delay overlap 'l
#define CLOSE-ERR Ox08 I* Process overlap */
"Idefine INOET ERR OxIO l* IRR z 0 CI
#define UNEXP ERR Ox20 /* Unexpected A/D int. */

I
I
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TEST FIXTURE FOR VITAL SIGNS MONITORS

#inciude <math.h>
#ir'clude <c,-nio.h>
#inctude <stdtib.h>
#include <halo.h>
#iriclude <time.h>
#include <malloc.h>
#include <stdio.h>
#incLucle <butil.h>
#incLude <bkeybrd.h>
#include <bscreens.h>
#,nctude <bstrings.h>
#include .cbintrupt.h>I#include <das8-defs.h>
#incLude <err defs.h> /* Err code defs ~
11inrc Iude <dac-defs~h> /* D/A addrs &1 furicts ~3#incLude <datadefs.h> /* Conversion constants ~

#define Pi 3.1415926535
#1define GRAPHS EVERY X 2
#define UPDATE X LOOPS 2 /* Max value for this is 10 due to

hr_, sys , dias_, map_
arrays declared with lengths of
iC. */

#define MAXLENGTH 300 /* Maxim~um Length of the bp and ecg waveform
arrays. Change this value from 120 if
the sample interval changes from 50 msec:
or the minimumn heart rate changes from
30bpm. *

#define NA21_ '.HAN 5I define I-NT_-F-REO 50.0 1* Int freq ~
#define BLEEDTIME 75
#diefine STACKSIZE 0x1100
#define NSTKS 1

#define INTTYPE INTCHAN + 8 /* Int vector Y.,pe ~
#define SPEC_-EQI 0x63 ( x07 & INT-CHAN
#define YES 1
#def ine NO 0
4define 0N0 0
#define 0FF 1

/* Declare subroutines ~
void mrin(void);

void set-upvs settinqs-meriu(int);
void seZ..upvs~query(void);
void obtain -vs -settings(void);
void set up manometer disp(void);
void set~up~icu-disp(void);
void draw graph Labels(int, int, int);

vodse p~rocess-di sp(vcd)3void d,-cwLoop-outline(void);
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void set up options_bar'(void);Uvoid help-system(vold);
void update manometer(float);
void update icu(int,int,int,int);
void update process(int, int, int, int, int);
void ciraw-a-rm-outtine(void);
void update -header(char *);
void update options(int);
void gms~logo(void);

mnt read-vetue(char *, int, int, float ;

mnt matherr(struct excepti on *);

3 ~/* Declare interrupt subroutineg. ~

mnt enable ints( mnt );/* Enables ints on DAS-8 boara,~~
mnt disable ints( int ); * Disables ints on DAS-8 board.*/

mnt set imr(T int, int );/* Programs the 8259 mask reg ~
int set timer( int, int, double, double ); * Inills 8254 counter */
int read-status( mnt ); /* Reads the status word of 8254 *

/* Declare and initiate values *

mnt sysvalve;
int sys check;
mnt dias -valve;
double press-map;3 mt minatpha;

mnt main restart =0;
mnt manoni_restart =0;
int icu-restart = 0;
int process restart =0;
int drw grph restart =0;
mnt isr restart = 0;
;nt calflag =0;
mnt exit-flag = 0;

4nt mode = 4;
static char filenamelj = {1"HALOEVI4E.DEV-1);
float mm _x = MBoat) 0.0;I float min~y =(float) 0.0;
float max-x = (float) 1000.0;
float max~y = (float) 1000.0;

mnt blue =0, blue_"al = 1;
mnt white 1, white vaL = 63;
mnt purple =2, p.rple-val 21;
int red =3, red-val =4;
int light gray =4, light gray val = 7;

* m~it navy =5, navy vat = 8;_vl=5

itblack = 7, black vatl 0
Pit light blue = 8, light b~ue-val = 59;
imt yellow =9, yellow vat = 54;
mnt bright~pink = 10, brightypink~val 61;
mnt bright blue =11, bright_blue-val = 4!;'
int bright orange = 12, bright_orangeý_val =38;
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int bright green =13, bright green vat 26;
int gins blue =14, gins blue vat = 9;

int skin~pink 15, skinypink vat 39;

float asp, aspect:(float)1.7;5 mt hor~pix, verJpix;

int degrees =1;3 mnt result;

static char fontnaine(l (11HALO104.F'NTH);
static char fcitnaine2(J = (AL0106.FNT")1;
int pagel = 1;I mt page2 =2;
int new header = 1;

mnt datacHAXMEASURED] (10];I mt data base(MAX MEASURED];

int most -recent -data;
ir't most recent~plotted;
int ar =J0, ec = 5, cu = 1, ye = 2;
i*nt pp =6, sk = 4, co =3, gr -= 7;

in udate;
int frozen;

int period msec, rnumjts_'nj~eriod;,
int sample interval =(int) (1000/INT-FREG);I;nt u-csoe
double dtemrpo;
double dteapl;I mt t Toff = 120;
int alpha = 100;
int beta =100;
int ecg_des DtAX_LENGTH];
mnt bp_des[MAX_LENGTH];
int bp~d0(MAX LENGTHI;
mnt bp_dl (MAX_LENGTH];

mnt hr-set;
mnt sys set;
mnt dias -set;
double press set[(3];
double art cat;
double cuf cal;
double yen cat;

3 char header[42] = AGNS ENGINEERING CORPORATION VSM TEST";

i nt l ast measured x;
mnt last-averaged;I ~Definitions of the data conversion constants C

mnt k -art~p =512; /* arterial pressure (nm~g/V) *3 mt k-cuffyp 531; /* Cuff pressure (rmiwg/V) ~
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int kvein_p = 483; /* Venous pressure (mmHg/V) */
mnt k coret = 24; /* Core temperature (degC/V) */
mnt kskin_t = 24; /* Skip temperature (degC/V) */
int kecg = 1; /* Electrocardiogram ( mV/V) "/
int off artJp =2007; /* arterial pressure (mmHg/V) */
int off cuff-p =2706; /* Cuff pressure (mmHg/V) */
Int off veinp =3487; /' Venous pressure (mmHg/V) */
int offcoret = -76; /* Core temperature (degC/V) */
int off skin t = -34; /* Skin temperature (degC/V) */
int off ecg 0 0; /* Electrocardiogram (mV/V) */

int over = 2;

int delta over = 2;
int max-over = 20, min_over = 2;
int at low Limit = 1;

int at up limit = 0;

int lowpitch = 150;

int midpitch = 450;
int high'pitch = 700;
nt short duration = 2;

int mid duration = 5;
int long duration = 10;

/* Variables for the interrupt portion of the program. */

int frame; The data frame # N /
int end frame; /* "End of frame" flag *l
int dac-v; /* DAC voltage f. motor */
int lastmeasured;
lnt art_press; /* The most recent art_pt */
mnt ap-index; /* Points to the next artp oc */
int cufpress; /* The most recent cuffp[] */
int c p_index; /* The next cuff-p datum to be antd */
int vein_press;
int vjp-index;
int core temp;
int c_t_index;
int skin temp;
int s t index;
int bp- nd;

int majorerror, basicerror;
int njmJpoints msg on;
int messageon;
int hum -errors;

Iint error_humn;

char *pmessage;
static char to-arter-message[] = ( After press > 330 mml~g." )

static char to_cuff message[] = ( " Cuff press > 331 mimg. "1
static char hi arter message[] = ( " Arter press > 360 mmHg." );
static char hicuff message[] = ( " Cuff press • 360 mmHg. " };
static char core-message[] = ( " Core temp > 43'C. H;
static char s t .in_message[] = ( , Skin tear • 43'C. " 1;
static char ppsmessage[] = C , Motor too fast too long." ;

U
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void arm isr( ALLREG *, ISRCTRL *, ISRMSG* ); /* The isr. ~
char *jsr id ="ARM !SR 9/26/88 "r /* ISR signature. ~
ISRCTRL isr-ctrt;' /* Control block for the isr. '

int irtor_v; /* The mritor velocity in rpmi*

int das8_state =0; /* Contents of the DAS-8 control register*/

static ISRCTRL far *piqr~ctrt; /* pointer sent to isinstat(o~3static char isr-stack[ SFACKSIZE*NSTKS J; /* ISR stack:must be an auto var*/

void main()

FILE *streaml;

int pps, cuff, venous, core, skin, arter;
mnt inc: -dec;
mnt cursyos, ch, newkey;
int loop counter;U mt loop cntr;
mnt i,j,k:
mnt graph;3 static mnt freeze, lock;

mnt check settings;
static char answer[] = ""

double f~ttnun~pts, single, doubleit, triple;
int single_ -leftover, doubleit I eftover, triple-Leftover;
double sin interval, angle radians;in utpir
double range bp;

static double coeff a[61 = (-10.14, -0.30, 4-.15, 1.08, 0.21, 0.42);
static double coeff b(6] = (6.79, -3.29, 40.97, -0.24, 0.07, 0.63);
static double coeff-c[6J;Istatic double coeff-d[61;
static init qrs;
static mnt ecg~coeff~a(61 = (0,0,0,10,0,0);
static mnt ecg_coeff-b[91 =(-10,0,0,0,10,20,0,0,0);
double minimum;
double sunt, templ,, teaqp2;

mnt addon;
double angle int;
static char pressure[3];
static float cat-height = (float) 30.0;
static float press-height =(float) 60.0;
static float cat x =(float) 20.0;Istatic float call y =(float) 800.0;
static float cal2_y =(float) 750.0;
static float cal3_y (float) 700.0;
static float cal4_y (float) 650.0;
static float cal5_y (ftobt) 600.0;Istatic float cal6_y =(float) 550.0;
static float cal7ýy =(float) 500.0;
static float cal8_y =(float) 450.0;
static float cal9_y =(float) 400.0;
static float calap~x = (float) 160.0;
static float caLp~y =(float) 250.0;
static float calcp~x = (float) 460.0;3static float calvp~x = (float) 760.0;
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static float caLbi _x = (float) ICOD.0;
static float cablby = (float) 200.0;
static float caLb2_x =(flIoat) 900. 0;
static float caLb2_y = (float) 350.0;
static char call msg~j = "Please attach calibration assembly tc the air port, to"e
static char ca12JMsg[3 = C "the bulb, to a manometer, and apply the cuff around the'1
static char caL3-msgEJ = ( "arm. The pressures will be updated continuously" );
static char ca14pMSg[J]=C "in order to check the calibration. If you wish to exit," )
static char cal5!Msgr = C "press E. If you wish to calibrate the transducers," );
static char cat6 -msg[tJ C "apply zero pressure and press L. Then apply 250 rmHg pressure" )
static char cal7 msg[l = C "and press H. The calibration will not be changed1 until tne H"11
static char cal87msg[J = C "i:s pressed."$ ),-
static char cal97msgfj C "1 ARTERIAL CUFF VENOUS" )
static mnt artypres ten, cufypres~ten, veinypres ten;U void far 4' int-vec: = isgetvec (INTTYPE); /* old isr vector *

mnt path -' 0;
mnt on-off toggle;

float error xl = (float) 700.0, error~yl = (float) 765.0;
float error-x2 = (float) 975.0, error y2 = (float) 815.0;
float error height = (float) 20.0;

float out -x1 = (float) 0.0, out~yl = (float) 0.0;
float out -x2 = (float) 1000.0, out~y2 = (float) 1000.0;
float in-xI = (float) 100.0, in~yl = (float) 300.0;'
float in x2 =(float) 900.0, in-y2 = (float) 700.0;
float big~height = (float) 70.0;
float question height =(float) 30.0;
float messageheight =(float) 40.0;
float term x = (float) 105.0, termf!y = (float) 725.0;
static cha-r terminate(] = ( "Sirmulation Terminated" 1;
float quest -x = (float) 70.0, quest~y = (float) 150.0;
static char star'._Tover[]J= "Would you like to start a new sirmulation? (Y)es or (N)o:"
ftoat messg x = (iloat) 115.0, messg~y =(float) 600.0;

outp(DACOHI ,x32);
outp(DACO -LO, 0);
outp(DAC1-HI ,OxFF);U outp(DAC1_LO,OxFO);

setdev(fi lename);3 ~initgraphics(&iiode);

setcolor( &black )
ciro;

/* Set aspect ratio. *
nrqasp(&asp);
in~qdrange(&horyi~x, &ver~pix);
aspect (nax~y -min_y) / (max-x min-x);
aspect -(((float)horypix + Mfoat)1.0) /'

((float)ver-oix + (float)IM) asp;

setworld(&min-X, &uin-y, &mex-x, &max~y);

/* Set color pallette. */
setxpa(l~ight blue, &light bIte val);
setxpat(Lblup, &blue-vel);3 setxpal(&purpte, &purple~val);
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setxpat(&red, &red_vat);
setxpat(&tignt gray, &tight gray vat);
setxpai(&navy, &navy-vat);
setxpai(&dark~g'ay, &dark gray vai);
setxpal(&back, &btack vat);
setxpati,&white, &white vat);I ~setxpaLf&yettoii, &yettow vat);
setxpaL(&bright~pink, abrightjpink vat);
setxpat(&bright-blue, &bright_bLue _vat);
setxpat(&bi ight orange, &bright orange _vat);
setxpat(&bright_ýgreen, &brfght Veeva)
setxp~l(&gms~btue, &gms blue vat);
setxpat(&skinypink, &skin-pink vat);3 ~setdegree( &degrees )

setfont( fontname);

3 setscreen(&pagel);
gmstlogoo;
display(&pagel);

I ~START from Previous rui n

strt /* initialize variables ~

if (main-restart) (
man~am-restart =1
icu-restart = 1;
process restart 1
drw grph restart =1;
isr restart = 1;
main_restart =0;

I on_off..toggle = ON;
numjpoints-msg~on =0;
message on = 0;
caLflag =0;U maajor err or = 0;
basic error = 0;
nuii_errars 0;
sys valve 999;
sy~svatvek 0;
disys chvek 0;
press-map 0.0;

InuII~pts =0
slope =0;
hr set = 0;
sys~set 0;
dias set =0;

last -measured x = -1;
frame - 0; The data frame #
end -'framie --YES; /* "End of frame"1 flag */
dec v = 3; /* DAC voltage for motor ~I as-t-measurp".d =1;
art~yress 0; /* The most recent art~pfj C
a-pindexr 0; /* Points to the next artj ioe c3 cuf press = I /* The most recent cuff~p(J C
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cpindex =0; /* The next cuff~p datum~ to be entd ~
vein~press =0;

*vjp-index =0;

s t -index =U

moo_v 0 /* The motor velocity in rpm *

3a8sae=0 * otnso h DAS-8 control resi-ter*/
inc-dc 0
ch =0;
newkey =0;
freeze -1

for( i=O; i <= nux-points; i++)

) data~i] (di] = 999;

setscreen(&page2);
check settings = 2;

query: setigsmenu(cieck settings);

if( exit flag == 11 ) goto outloop;
setcotor( &blue )U c~ro;
check_settings = 0;
set L4p vs settings menu(check-settings);whl(Ikht
ch = getcho;
if (ch =27) goto out loop;
if (ch 121121 ch 89)89)

answer[O] =IV
stext( answer )

else (
antswer(O1 ''
stext( answer )

I if( calflag ==11 ) goto calO;

/v Read constants from file. */
if ((streami = fopen(Ilcalib.arn", "r+b")) NULL);
else printf("Was not able to open the file.0);
result = fscanf(stream, I'M", &k -art~p);

result = fscanf(stream, "W'", ftkcuft~p);3 result = fscanf(stream, "Wd", &k-vein5p);
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result = fscanf(stream, "Wd", &off art p);
result = fscanf(stream, "Wd", &offcuff p);
result = fscan.(stream, "%d", &offvein_p);

fclose(str-am);

period msec = (int) ( 60.0 / (double) hrset * 1000.0 );

nmnpts inperiod = period msec / sample-interval;

/* Calculate the number of periods of the ecg and bp waveforms to fill the
arrays with. Use one, two, or three periods depending on which uses
Lup the most of the time. */

flt num-pts = (60.0*1000.0)
/ (doubte)(hrset*sample_interval);

sirtg'e =ft numlpts;
doubLeit = 2.0 * single;
triple = 3.0 * single;

singleLeftover = (int)(fabs (single (double) (int) single) * 1000.0);
doubleit_leftover = (int)(fabs (doubleit - (double) (int) doubleit)

* 1000.0);

triple Leftover = (int)(fabs (triple- (double) (int) triple) * 1000.0);
if (single leftover > 500) single leftover = 1000 - single Leftover;
;f (doubLeit leftover > 500) doubteit-leftover = 1000 - doubLeitleftover;
if (tripleleftover > 500) triple_leftover = 1000 - triple_Leftover;
if ((int)min(single-leftover,doubteitleftover) == single leftover)

if ((int)min(single-leftover,triple_leftover) == single leftover)
multiplier = 1;

elseI multiplier = 3;
else if ((int)min(dotibieitLeftover,triple leftover) == doubleit-leftover)

multiplier = 2;3 else multiplier = 3;

current_Length = multiplier * nunmpts in_period - 1;

lI Fill the bp waveform. *1

rangeb_1p = (double) ( sys set - dias set );
for (k=O; k<6; k++)(

coeff_c[k] = coeffa[k] * rangebp / 25.0;
coeff dlk] = coeff-b~k] * range bp / 25.0;

minimum = 9999.0;
sin interval = 360.0 / fit nu _pts;
for (i0O, j=muiltiplier ; j >= 1; j--)(

for ( ; i = current_Length && i <= 1AX_LENGTH; i+÷) (
angle_int = (doubte)i * sininterval;
while( angle int - 360.0 )

angLe..int -= 360.0;
Seangle-radians = angle-int * PI / 180.0;

su3 0.0;
for C k=O; kc6; k÷+)(

tetp1 = coeff_cik]
* cos( (double) (k+W) * angle-radians );

temp2 = coeff d(k]
* sin( (double) (k+W) * angte radians );

sum +- templ + temp2.;

1bp_des(i) = (int) sum;

if (sum c minimum) minimum = sum;

3add-on dias set - (int) minimum;
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press map 0.0;
minalpha 9999;I alpha =100;
beta =100;
t -off = t -off / saapLe -interval;
for 0=0; i <= current-Length && i<= MAXLENGTH; i++)(

bp~des~iJ -= acid on;
press map -= (double) (bp~des~iJ*bpdestiJ);
dteifip1 = (doubte)bp~des~iJ + ((doubte)off art~p /10.0);
dtemal (2.4414 * dtrri~1) / (doubLe)k~art~p;

if( dtcwrpl >4.900 ) dteamp1 = 4.900;

if( dtemp0 > 4.900 ) dtemp~0 =4.900;
bp~dl[(i + t_off) % current-Length] =(int) (dteflpl / 0.001221);
bp~d0CiJ = (int? (d~teen / 0.001221);
if( bp_10tii < minalpha ) minalpha bp~dO[iJ;
bp desriJ = bp des~iJ * 10;

press-map =(sqrt(press map))/(sqrt((doubte)(current_ Length)));Ifor i0=0; i <= current_ Length && <= -MAX_-LENGTH; i++)(
bpdW(iJ bp~d0(i]- minalpha;

for( i=0; i <= MAX-LENGTH; i++)(
ecg_desti] = 0;

qrs =nunjpts~injperiod / 3;
ecg~des~qrs] = 50;
for( i=(qrs-1); i >= (qrs-6) && i 0; j..)

ecg_desV3 ecg~coeff~a~qrs-l-i1;

for( i=(qrs+1); i =(qrs+9) && i <- current-Length U& i <= MAX-LENGTH; i++)
ecg~des~il ecgcoeff~b~i-qrs-1J;

I qrs - nuw~pts~inj~eriod;
ecg~des tqrs] = 50;
for( i=(qrsl1); i >=(qrs-6) && i -= 0; i- )

ecg~des~i] ecg_coeff_a[qrs-1*iJ;

for( i=(qrsel); i <= (qrs+9) && i - current-Length U& i <= MAX_LENGTH; i++)
ecg~des~i] = ecg_ýcoeff_bri-qrs-1J;

qrs +- n~umpts~injperiod;
ecgdes(qrs] =50;
for( i=(ars-l); i >=(qrs-6) && i -= 0; i--'

ecg~destil ecg~coeff~acqrs-¶-i];

for( i=(qrs+1); i <= (qrs.9) && i - current-length &&i <= MAX LENGTH; i++
ecg~desti] = ecg~coeff~b~iqrs-1J;

setscreen(&pagel);
setip ymanometer di spo;
setup~icu-dispo;
set up~process dispo;
set ip opt ions bero;

14pdate-header(header);
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di splay(&pagel);

Imost -recent-data = MAXMEASURED - 1
data [0] [grl =graph = 1;
curs~pos =3;

U /* Start 1kHz system clock for the interrupt routine: '

1=set -timer( 2, 3, 5E1, IE3 ); * tmr 2,ml 3,3M~z io,lk~z out ~
if( i < 0 )I ~prir, f(II*** ERROR in progralmming 8254\n");

/* Set interrupt frequency for the interrupt routine: ~5 i = set timer( 1, 3, 1E3, INTFREQ ); I* tl,m3,1k in, INT-FREQ cutI
if( i <_0 )

printf(II*** ERROR in prograeming 8254\n");

das8-state = enable ints( das8_state ,; , En ints on DAS-8 board *iI set-imr( INT_CHAN, 6N ); 1* Ctear the reLevent imr mask bit W

/* Install the ir'r for the interrupt routine: ( CTOOL.S+ ) */
isinstal(INTTYPE, arm isr, isr~id, &isr_ctri, isr_stack, STACKSIZE,

NSTKS);

das8_-state = das8 -state IDl_-AJT-HP 1* E'nable interrupt timer *
outp( DAS8_CCNTROL, das8_state );

for (loop_cotxnter = 0, loop cntr =0, most recentypLotted =MAXM4EASURED -1; ch I q';
loop-counxter++)

loop cntr =( loop cntr + 1 ) % 1000;
/* Wait for first set of date and for* new data. *
w~hile (last-measuredx c=Last-measured);

last measured x = Last-measured;

arter =data[Last-measured xJ (arj/1O;
cuff =datatlast measured-K]Ecu]/l0;
venous = data (last -measured -xJ (vel/lO;U pps data [last measured xl Eppi;
skin =datallast measured xJ (ski/1O;
core =data (last measured-xi (coj/10;5 it (major-error) C

if ((stream =fopenQ'Ierrors.rtzn", "all)) 1:NULL);
else p4-intf("Was not able to open the file.");I fprintf(stream, 1"Xd\t~cJ\n11, num-errors, error num);
for (i x last-measured-x;

i= (MAX MEASURED + last measured x -10) % MAXMEASURED;

i(MAXMEASURED + i - 1-) Y. MAX MiASURED)

for (j =0; j <-=9; j++)(
fprintf(stream, 11%d\t", data[Ci] (ii;

3 ) fputs("\n", stream);

fputs("\n", stream);
fclose(stream);
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utsouznd(highypitch, tong duration);
das8_state =das8 state & -D1 OUTHl; /* Disable interrupt timer ~
outp( DAS8 CONTROL, das8_state );

/* Closing commands for the interrupt routine. ~
outp(DACOHI ,0x32);I ~outp(DACOLO, 0);
outp(DAC1_HI ,xFF);
outp(DAC1_LO,OxFO);I ~/* Restore the old interrupt vector. *
isputvec (INTTYPE, pisr~ctrt->prev-vec);

set-imr( INT_CHAN, OFF ); I set the ýelevent imr m~ask bit *I ~setscreen( &page2 )
setcotor( &red );
bar(&out xl, &out~yl, &out~x2, &out~y2);
setcolor( &white );
bar(&in xl, &in_yl, &in-x2, in-y2);
setstclr( &red, &red );
movtcurabsC &messg~x, &messg~y
setstext( &messarje height, &aspect, &path )I stext( pmessag.t );
setstctr( &white, &white )
movtcurabs( &termx, &termny)
setstext( &big height, &aspect, &path )
stext( terminate );
movtcurabs( &quest-x, &quest~y
setstext( &question -height, &aspect, &path )
stext( start-over )
dettcuro;
disptay( &page2 )

while( !kbhit())
ch = getcho;Iif (ch == 121 11ch ==89)(

answer[O] ='Y';
stext( answer )

I else Canswer[O] = IN';
stext( answer );3 goto close-out;

setscreerl( &pagel )
delboxo;
Wein restart =1

goto start;II Iif (basic-error)

if ((stream -fopen(I"errors.run", "a"l)) !sNULL);
else printf("Wa~s not able to open tie file.");
fpr intf( stream, "%d\t~d\n", nuwi errors, error null);I ~for 0i - Last-measured-X;

i last measured x - 10; i--)(
forintf(streaim, "XdýNtl, i0;5 ~for (i = 0; i -=9; j++)(
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fprintf(stream, "%d\t", data(iJ (ii);I )fputs("\n", stream);

fputs("\n", stream);
fctose(strearn);

basic-error z 0;
message on = 1;
numiyoints~msg~on =0;Iutsounid(mid~pitch, mid-duration);

if (message on)(
setcoLor(&briiht bLue);

if(noftgl Nb~r( &error -x1, &error~yl, &error_x2, &error~y2 )

movtcurabs(&error~xl, &error_yl);
setstclr(&red, &red);
setstext(&error_height, &aspect, &path);
stext( pmessage )
deLtcuro;
on~off_toggle =OFF;

else on off toggle = ON;

numiJ~oints -msg on += (last -measured-x
+ MAXM 1EASURED - most_recent~plotted)

% MAX MEASURED;

if (numjpoints -:msg_on > (20 * (int) INTFREQ))(
r'uitoints_msg_on 0;

stor(rihlubar( &error xl, &error~yl, &error~x2, &error~y2 )
message _on = 0;

data [last measured xl CgrJ = graph;
update manometer( (foat) cuff );
update = loop-cntr % (2 * GRAPHSEVERY X);Iupdate -icu( update, freeze, Lock, inc-dec);
ujpdatejp,rocess( pps, cuff, venous, core, skin);
update opt ions(cursj~os);
if (new -header == 1) update -header(heaeer);

most recentjpLotted = last measured X;

if ( kbhit() )(
netwkey =1;
ifch ''ch =getcho;

ch =getcho;

II~i 0;h 13wy curLo =ch 58;

else5if (ch >= 59&Uch c= 566&& newkey) curs.pos =ch -48;
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else
i f ((ch ==72 11ch 75) && newke,

Cursps- -OS;
newkey =0;

elseI if ((ch ==7T7 ch ==80) && newkey)(
curs~pos++;
rewkey =0;,

else goto endloop;

if (curs-pos >= 9) curs-pos z1;
elseI if (cursjpos -= 0) curs~pos =8;

if (curs-pos z= 1 && neiwkey)(
freeze II= -1;
frozen = 0;,
newkey = 0;

if (curs-pos ==2 && newkey) C
Lock -1;I newkey = 0;

if (curs-pos == 3 && newkey)(
inc dec: =-1
at_upL;irnit = 0;

if(t lotimit) utsouxnd( Low-pitch, short-duration )

if curspos ==4&& nwe)
In e:= 1;

at_ Low_ Limit = 0;
if (at upLimit) utsotzid( low~pitch, short-durati on)
newkey = 0;,

if (cursjpos == 5 U& newkey)C
newkey =0;
checlc settings x1;
setscreen(&page2);
set up vs settings mernu(check settings);
dispLay(&page2);
while ( lkbhit())I ch = getcho;
if (ch == 110 11 ch == 78)

answerC0l = IN,;
stext( answer );

Idas8 -state = das8_state & -DtJl /* Disable interrupt timer ~
outp( DAS8_CONTROL, das8_state );

/* Closing commands for the interrupt routine.,~
outp(DACO-H I *x32);
outp( DACO La, 0);
outp(DAC1_HI ,OxFF);
outp(DAC1_La, OxFO);

1* Restore the old interrupt vector. C
isputvec (INTTYPE, pisr~ctrl->prev-vec);
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set -imr( INT_-CHAN, OFF ); * set the retevent imr mask bit ~
setscreen( &pagel )
de Ibox 0;
main restart =1;
goto start;

if (ch == 121 11ch = 89)(
answer[O] II
stext( answer);

II setscreen(&pagel);
dispiay(&pagel);

if (curs-pos ==6 && neiwkey)(
graph-+;
if (graph -~ 5)

graph =1;
newkey =0;

I if (curs~pos =-7 && newkey)(
newkey z0;
help systemo;I if (curs-pos == 8 && ne-wkey)(
ch = I'

end_loop:

out-loop:

das8_-state das8_state & -01 OUTHI; /* Disable interrup~t timer ~
outp( OASS CONTROL, daGS state );

/* Closing coffmonds for the interrupt routine. ~
oujtp(DACOHI ,x32);
outp(D`%C0_LOrO);

outp(DAC1_LO, OxFO);IupO,_'x)
/* Restore the old interrup4t vector. *

isputvec (iNTTIDE. pis,_ctrl->,prev-vec);

set-imr( INT_CHAN, OFF ); I set the relevernt imr mask bit *

3 1~* Close halo graphics. *

close-out:

closegraphics0;I goto qed;
calO:

I outp(DACO-HI ,O);
outp(DACO 10, 0);

/* Read constants from file. *
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if ((stream = fopen('calib.arm"e, "r+b')) !=NULL);
else printf("Was not able to open the file.,,);
result =fscanf(streamn, "Wd", &k~art~p);

result =fscanf(streamn, "W'", &k~cuffjp);
resu~t = fscanf(streaai, "Wd", &k~vein~p);
result = fscanf(stream, "W'", &off~art~p);
result =fscanf(stream, "W'", &off cuff p);
result = fscanf(streaan, "Wd", &off_vein~p);
fctose(stream);

setcolor( &blue )

setstclr( &white, &white )
setstext( &cai height, &aspect, &path )I ~movtcurabs( &cal-x, &ca~ll y
stext( caill ng );
movtcurabs( &cat x, &caL2_y
stext( cat2nmsg );
movtcurabs( &catL x, &cat3_yU stext mag)L&casg )

movtcurabs( &cal x, &cal4-y

stext( cal4-msg );
movtcurabs( &caL x, &cal5_y
stext( ca(5-msg );
movtcurabs( &cal x, &caL6_y

stext( cat6-msg );
movtcurabs( &cat x, &ca[_y )
stext( cat7-nsg );
setstclra( &yelloX, &yeiiow )
sestext( &presmsheg ht );pct pah

vp~index =0;

Last measured x = 0;

last-uiiasured= 0;

/* Start 1k"z system clock for the interrupt routine: *

Ii = set -timer( 2, 3, 5E6, 1E3 ); I tmr 2,md~ 3,3MHz in,lk~z out *
if( i < 0 )

printf("*** ERROR in prograrmming 8254\n");

/* Set interrupt frequency for the interrupt routine-,

i= set -timer( 1, 3, 1E3, TNT_FREG ); /* t1,m3,1k in, TNTFREG out/
if( i '< 0 )

printf(sa*** ERROR in programming 8254\n");

das8 Tstate = enable ints( das8 state ); /* En ints on DAS-8 board *
set imr( INTCHAN, 5W ); /* Clear- the relevent imr mask bit *

/* Install the '- for the interrupt routine: CC-T0OLS+ )
isinstal(lNTTYPE, arm isr, isr~id, &isr~ctrL, isr stack, STACKSIZE,3~N ST KS )
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d~as8 state =das8-state ID1-OUT-HI; /* Enable interrupt timer ~
outp( DASS_CONTROL, das8_state )

newkey =0;
caL 2-* ~if ( kbhit())

neiwkey = 1;
ch = getcho;
if (ch '= 0')(Ich getcho;

if( newkey ==1 && ((ch == e') (ch 'EI)))(
neiikey 0;
catflag =0;

goto CaL99;

if( netikev == 1 && ( (ch '=I11) 11 (ch == ILI)))C
newkey =0;
catfiag = 12;I Last-averaged =(Last measured + 11) % MAXMEASURED;
white( last-measured 1= Last_averaged );
last -measured -x = (Last-measured+M4AXMEASURED-i) % MAX MEASURED;
press_set (0] = 0.0;
press_set~lj = 0.0;
press_set [2] 0.0;

for( i = 0; i < 10; i++) f
press settO] -: (double) dataE(tast measured-x4MAXM4EASUiRED-i) % MAXMEASURED] Ear];
press-set~l] -= (double) data[(tast measur~d-xe-MAX MEASURED-i) % WAXMEASURED] [cu];
press set [2] -= (double) data[(C ast-measured-x+MAXMEASURED-i) % MAX MEASURED] Eve];

art cat = press set (0] / 10.0;
cuf~caL = press set El] / 10.0;
ven~caL =press setC2] / 10.0;

if( newkey ==1 && ( (ch == hI) 11(ch == IHI)))
neeikey = 0;
if( catf Lag 12=)12

Last-averaged = (last-measured + 11) % MAX-MEASURED;
while( Last-measured != last-averaged );
Last measured x = (Last-measured414AX MEASURED-i) % MAXMEASURED;
press set (0] - 0.0;
press-set~l] = 0.0;
press-set (2] - 0.0;
for( i = 0; i <10 -

press set [0] += (double) data [(Last-measured-x+MAX MEASUJRED-i) %
MAXMEASURED] Carl];

press setti] += (double) deta[(Last-measured-x44(AXM1EASURFD-i) %

MA-ESRDCu;press setC2] += (doub~le) dataf(Last-measured xe-MAX M4EASURED-i) %
e4AXMEASURED] Eve];

press set(0] = press set [0] / 10.0;

press-set [23 press set [21 / 10.0;
k_art~p (int) C250000.0 /(press set[OJ art_cal) )
k.-Cuff~p (int) C250000.0 / (press set Cl) - ut_cal) )
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k-vein-y = (int) (250000.0 /(press set(23 - yen_cal) )
off_art~p (int) ((art cal (double)karj 0.)

of -ff (int) ((cuf cal * (double)k-cuffyp) / 100.0);
offveinyp (int) ((vet' cal * (double)k -veinjp) / 100.0);
if ((streami fopen("lcalib.ar-m", llw+b")) !=NULL);
else printf("Was not able to open the file.");
fprintftstream, "Xd\tl*, k~artyp);
fprintf(stream, '%d\t", k~cuffjp);
fprintf(strewn, "%d\t", k~veinjp);Ifprintf(stream, "%d\t', off artJp);
fprintf(streamn, "Xd\t", off cuff~p);
fprintf(strewi, "%d\t", off veinsp);
fclose(stream);-
calflag =11;

art~pres ten = art~press 1Gl;
cuf~p-es ten = cuf~press /10;
vein-pres-ten =vein-Press / 10;
if(' (last measured % (int) INTFREG) 0== 0

bar( &catbl x, &calbl y, &calb2_x, &catb2_y
movtcurabs( &calap~x, &catp~y );
itoa( art~pres ten, pressure, 10 )
stext( pressure );
movtcurabs( &catcp-x, &calp-y
itoa( cuf~pres ten, pressure, 10 )
stext( pressure );
MOVtCUr3bs( &calvp~x, &calp~y
itoa( vein~pres ten, pressure, 10 s;
stext( pressure )I deitcuro;

goto cal2;

caL99:

caiflag = 0;

dasSstate = das8 state & '.01 QOUTHI; /* Disable interrupt timer ~
outp-( DAS8_COWTROL, das8 state );

/* Closing commands for the interrupt routine. *
outp(DACO HJ ,x32);U ~outp(DACO 10, 0);
outp(DAC1 -HI ,OxFF);
outp(DAC1-LO,OxFO);

/* Restore the old interrupt vector. *
isputvec (INT TYPE, pisr-ctrt->.prev-vec);

set imr( :WT_-CHAN, OFF ); /* set the relevent imr mask bit *

setscreen( &pagel

1mai restart = 1;
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int matherr(struct exception *x)1 ( ~~static char matherr-messagefl= Math error: "1

float error-xl = (float) 700.0, error~yl = M1~oat) 765.0;
float error-x2 = (float) 975.0, error~y2 = (float) 815.0;

float error-y3 = (float) 768.0;
float error_height = (float) 20.0,:

int i, j;'
FILE *stream;
int path =0;

error_nun 9;I null_errors++;

if ((stream = fopen(Ilerrors.rtz,", "all)) !=NULL);
else printf("Was not able to open the file.");
fprintf(stream, "%d\t%d\n", nun errors, error num);
fprintf(stream, "Xd\tLf\tLf\n", x->type, x->argl, x->arg2);
for 0i = last measured -x;

i>= last measured-x -10: i--)fI for (j =0; j <=-9; j-.)(

fputs("\n", stream);

fputs("\n", stream);
fclose(stream);3 basic-error = 0;
message _on = 1;
nunmýnoints-nasg_on = 0;'
utsourio(mid~pitch, mid-duration);I setcoLor(&bright_blue);
bar( &error xl, &error~yl, &error-x2, &error~y2 )
movtcurabs(&error-xl, &error-y3);
setstclr(&red, &red);
setstext(&error height, &aspect, &path);I pmessage = x->name;
stext( mutherr message )
stext( pmessage )

return(l);

void set~ups settings menu(int check-settings)I C float out xl = (foat) 0.0, out~yl = (fluat) 1000.0;
float out x2 = (float) 1000.0, out~y2 = (float) 0.0;
float in-xl -(float) 15.0, in,'1 (float) 975.0;
ftoc~t in-x2 =(float) 985.0, iniy2 =(float) 725.0;
float text xl = (float) 25.0, text~yl = (float) 950.0;
float text-x2 = (float) 975.0, text-y2 = (float) 900.0;
float Lower -in -x1 = (float) 15.0, lowr~in~y1 (float) 675.0;
float lower-in-x2 = (float) 985.0, lower~i ny2 =(float) 25.0;

int path - 0;
float qu height = (float) 35.0;
float height = (float) 40.0;
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ftLat rwmo-height = (float) 120.0;

double hr_float, sys float;
float header x = (float) 25.0, header~y = (float) 900.0;
float hr_ label x = (float) 245.0, hrlabel y =(float) 750.0;
static char hr_ label[ =] =bW

float bp-label-x = (float) 825.0, bp-label~y = (float) 750.0;
static char bp label Q1 = rmgI
float hr-x (float) 40.0, hr-y= (float) 720.0;
char hr(3J;Ifloat sys_x (float) 340.0, sys~y = (float) 720.0;
char sys[3J;
float diag x (float) 540.0, diag-y = (float) 730.0;
static char diag(J = 11/1;
float dias x = (float) 620.0, dias-y = (float) 720.0;
char dias[3J;
float questiorn x = (float) 95.0, question~y =(float) 600.C;
static char cq.estion[J

"="Accept settings and begin? (Y)es or (N)o: "

static char press key[U
"="Accept settings and continue? (Yes or (No: "t;

static char cal~ques[l
= "Clbrt or check transducers? (Yes or (No: "

mnt hatch_index =1;
setccLor(&bright bluje);
bar(&outjtxl, &out~yl, &out_x2, &,out~y2);
setcoLor(&blue);
bar(&in xl, &in~yl, &in-x2, Mniny2);
bar(&ower-in-xl, &lowerin~yl, &lower in-x2, &lower~in~y2);
setcolor(&bright -blue);I bar(ftext x1, &texty1, &text~x2, &text y2);

setstcLr(&white, &white);

/* Draw header and Labels. 5

sethatchstyle(&liatch_index);
setstext(&height, &aspect, &path);
movtcurabs(&header-x, &header~y);
stext( header );I ~movtcurabs(&hr-label-x, &hr-labei_y);
stext( hr label );
movtcurabs(&bplabet~x, &bp_label-y);
stext( bplsbel );

/* Convert vs settings from integers to character strings. 5

itoa(hr~set, hr, 10);
itoa(sys set, sys, 10);
itoa(dias-set, dias, 1n);

/* Write vital signs settings. ~
setstext(&mns.height, &aspect, &path);
hr float =fabs((doubte) hr set) + .99999;
hr.x +=((float) ( 2 - (in-t) log1O( hr float

* (float) 65.0);
movtcurabs(&hr~x, &hr~y);
stext( hr );
sys float =fabs((doubl,.) sys set) + .99999;
sys~x +=((float) ( 2 ý,tint) loglO( sys float

* (floaO) 65.0);
movtcurabs(&sys~x, &sys~y);
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stext( sys )f
movtcurabs(&diag~x, &diag~y);
stext( diag );
movtcurabs(&dias~x, &dias~y);
stext( dias )
if( catlfag 1

setstext(&qu height, &aspect, &path);
movtcurabs(&question-X, &quest ion y);
stext( caL ques )f
goto done_check;

if (check-settings = )
setstext(&qu_ height, &aspect, &path);
movtcurabs(&quest ion-x, &quest ion y);
stext( press key )

if (check settings = )
setstext(&qu height, &aspect, &path);
movtcurabs(&question-x, &question-Y);
stext( question )

done-check:

detteuro;

void set up vs query()

fla(u 1=(la)00 u~l=(la)7G0
float out_xl = (float) 100.0, out~yl (float) 00O.0;
float out- x1 = (foat) 100.0, outy2 (float) 005.0;
float in_xl (float) 185.0, in~y2 (float) 675.0;

float hdr - bL x = (float) 50.0, hdr Ibt y = (float) 600.9;
static char hdr_1bID3 "Report Heading:-;
float vss -ibt -x = (float) 50.0, vss ibtly = (float) 450.0;
static char vss IbiID = "Vital Signs Settings:";I float hr Lbi x = (float) 36G.0, hr Ibi y (float) 390.0;
static char hr_ IbID = 4"
float sys 'bl x = (float, 535.0, sys Ibl~y =(floet) 390.3;
static chat sys ibIDl m "SYS";
flstaticie,-tbdiag=b(floa)61., /"; ot 300
sloaticP dia g t bl x = (fot'600Yia by f"t;300
float e S isIbIx =(float) 640.0, dias-tbl~y =(float) 390.0;
stat' char dias IbID = "DIAS";

flo. man - bI x =(float) 130.0, manIbI _= (ftoa-) 340.0;
static char manI bID3 = *Manual:";
float auto_IbI_x M foat) 210.0, auto Ibl~y =(float) 285.0;
static char autolIbID1 = "I:";

static char auto2_IbE] z "2:";

static char autnfll =IbID ý
static char auto4 WIb ="463
static char autoS WbED z "5:";

;nt hatch-index =1;

static int auto -hr[41 (60,80,72,40);
static mnt auto -sys(41 =(120,90,160,150);
static int auto dias(43 = (80,50,90,70);
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static char cal ib[J = CALlB-'ATION"1;

char hr[31;
char sys(3J;
char dias[3j;Ifloat hr -x =(float) 360.0;
float sys~x =(float) 535.0;
float dias -x =(float) 640.0;

int path =0;
float height = (float) 40.0;

setcolor(&bright blue);
bar(&out xl, &out~yl, &out~x2, &out~y2);
setcotor(&btue);
bar(&in xl, &in~yl, &in~x2, &iny2);

/* Write labels. */
setstclr(&eihite, &white);
sethatchstyLe(&hatch index);
setstext(&height, &aspect, &pathý;
movtcurabs(&hdrIbL.x, &hdr_IbI-v);I stext( hdrltbl );
movtcurabs(&vss-tbl-x, &vssLbty);
stext( vssltbL );
movtcurabs(&hr-tbtx, &hrlbLy);
stext( hr_(bL );
movtcurabs(&sysILbx, &sysLbiy);
stext( sysilbi );
movtcurabs(&diagLlbx, &diagibt-y);
stext( diag~tbt );
movtcurabs(&djasIbt_x, tdias Ibi-)
stext( dias-Lbt );
movtcurabs(8manltbt~x, amantbt~y);
stext( anun bt );
r'iovtcurabs(&autoIbLtx, &auto-tbty);
stext( autol-LbL );
movtcurabs(&hr-x, &auto-lbly);
itoa(auto hr[03, hr, 10);I stext( hr-);
ffsovtcurabs(&sys~x, &auto-tbl-y);
itoa(auto~sysEO], sys, 10);
stext( sys );

movtcurabs(&dias-x, &auto~lbl-y);

wwitca~utdabs(uobLx, diautol10y;

stext( auto2LtbL );
movtcurabs(Zhr x, &auto-b-)

itaat r~l), hr, 10);
stext( hr );
movtcurabs(&sys~x, atLby;

stext( sys );
movtcurabs(&dias-x, &auto-tbl~y);I itoa(auto-dias(1], dias, 10);
stext( dias );
auto -ibl~y - (float) 55.0;
movtcurabsC&auto-lbtlx, &auto-lbl~y);
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stext( auto3_Lbl );
movtcurabs(&hr~x, &autoIbt_y);
itoa(auto~hr[2], hr, 10);
stext( hr );
movtcurabs(&sys~x, &auto-LbL~y);
itoa(auto sys[23, sys, 10);I stext( sy-s );
movtcurabs(&dias-x, &autot(bl~y);

I toa(auto -d-ast2], dias, 10);
,text( dias );
autoI bl-y- (float) 55.0;
movtcurabs(&auto-Lbtx, &autoltbty);

stext( auto4_Lbl );
movtcurabs(&hr-x, &autolbl~y);I itoa(auto-hr[3j, hr, 10);
stext( hr );
movtcurabs(&sys~x, &auto I biy);
itoa(auto~sys433, sys, 10);
stext( sys );
mnovtcurabs(&di as-x, &auto-lbtly);
itoa(auto -dias[3J, dias, 10);

auto_tbt~y -(float) 55.0;
m'vtcurabs(&auto-Lbt x, &auto bL~y);
stext( auto5 Ibl );
movtcurabs(&hr -x, &auto-lbl~y);
stext( catib )

dettcuro;

void set i.4~manometer disp()

irt i;
floa* be~gnd~xi (float) 0.0, bkgnd~yl z (float) 955.0;
float bkgnd~22 (fl oat) 100.0, bkgnd~y2 M font) 48.0;
float manom-xl (fMoat) 40.0, manoM~yl (float) 935.0;Ifloat wanam-x2 =(float) 60.0, monon!y2 (float) 95.0;
float x1, x2, yl, y2;
float odd align;
float odd-base =(float) 61.0;
float uvihg x =(float) 20.0, mmig~y =(float) 60.0;
float even-align;
float even t-qe e (float) 0.0;
doub~le i-fioat;
float y~place;
float nIo-change = (float) 0.0;
char value String[32;
float num height = (float) 22.0;
float height = (float) 20.0;
mnt path = 0;
float center x =(float) 50.0, centiry (float) 75.0;
float builb-radius z (float) 16.0, anglel =(float) 105.0;
float angLe2 = (float) 75.0;Ifloat top radius = (float) 10.0;
float top-anglel = float) 0.0, top angle? = (float) 180.0;
float tulp-y;

x1 maiom x1 + (float) 2.0,
x2 = anomýx2 -(float) 2.0;
yl z manca~yl (foat) 2.0;3y2 c manoiy2 + (float) 2.0;
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3 setcoLor(fblack);
setfont( fontname2 )
bar(&bkgnd x1, &bkgnd~yl, &bkgnd~x2, &bkgnd~y2);
moviabs( &center_x, &centery )
setcolor(&white);
bar(&xl, &yl, Wx, &y2);
setcolor(&dark gray);
fci r(&bulb radius);
setcolor(&whi te);I ~arc( &bulb-radius, &anglel, &angLe2 )
movabs( &center~x, &nanomiyl );
arc( &top radius, &top~anglel, &.top-angte2 ~
tesp-y = mar~noyl + (f loat) 2.0;
movabs( &center~x, &teip-y)

flood( &white ); £a~2 woy)

setstclr(&white, 0);
movtcurabs(&nuhg~x, &nwhg-y);
stext( Uwufg" );
setstext(&rA~mn height, &aspect, &path);
setcolor(&red);
for(i=0; i<=30; i++)(

yyplace = mnarxn2 -- (float) 15.0

+ (float) i * (float) 28.0;
ifloat =fabs( (dotk-e) i* 10.0 )+ .99999;Iiif 0%2 == 0)

even-align = even-base +
(float) (2 -(int) Log100i float)

*(float) 7.0 );
naivtcurabs(&ever.al ign, &y~place);

(tfoiat) va2u stig 10);tgD~~~ot

) stext( value-String )

setfont( fontname);I oeitcuro;

5 void set ip~icu-disp()

float x1 z (float) 100.0, yl =(float) 955.0;
float x2 = (float) 1000.0, y2 x (float) 350.0;Ifloat rect x1l (float) 700.0, rect-y1 (float) 930.0;
float rect-x2 =(float) 975.0, rect-y2 =(float) 725.0;
float Left axis x =(float) 110.0;
float right axi-s-x =(float) 650.0;
float gi axis~y = (float) 665.0;Ifloat gi axis length =(float) 275.0;
float 92_axis y = (float) 360.0;
float gZ axis-length = (float) 275.0;3float no change - (float) 0.0;
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float hatct Length = (float) 10.0;
float minus-hatch_ length = (float) -10.0;
float left-start-x, right_start~x;

float timerLabet-x a (float) 130.0;
float timer label~y (fMoat) 632.0;Ifloat timer-height =(float) 18.0;
static char timer label[] = ( '1 SECOND BETWEEN MARKERS" )
float graphLabel x = (float)410.0;
static char over graphlabeL El = ( "FULL SCALE"
float msec label x = (float) 580.0;
static char msec_ Label El = ( "1MSECS" )

float height = (float) 20.0, dig height =(float) 30.0;
float diag height = (float) 70.0;

fla bpLb;x = (float) 700.0: bp[Lbyl = (float) 355:0;

float hrIbI_x2 = (float) 910.0, hrLbL~y = (float) 680.0;
static char hr_ IblE] ( of"H" );
float bpsIbI-x = (float) 910.0, bps IbI y = (float) 620.0;
static char bps IbIDl = ( "bps"1 );I float sysIbI_x = (float) 950.0, sys Ilbty = (float) 5650.0;
static char ssbpmLbJ[ = ( "SYS" );
float diasIbI_x = (float) 8750.0, dies Ibt y = (float) 565.0;
static char dias_IbD] = "DSAS" );
float miap IbI x = (float) 820.0, diap IbI y = (float) 4505.0;

float i:car apLbl r = (fot 819.0. diagIbl-y =(float) 485.0;

sttcchar diagLblo) = ( "I'" ),

float date x = (float) 705.0, date-y = (float) 730.0;
char date[9J;
mnt hatch_index = 1;I float date-height =(float) 30.0;

float gms_x = (float) 735.0, gns-y = (float) 820.0;
float guns height (fioat)100.0;
static char gmscJ ( "GNS" );

float eng-x = (float) 720.0, eng~y = (float) 820.0;
float eng-height = (float) 20.0;
static char &NgcorpC] =C "Engineering Corporation" )

/* Draw backgroun~d rectangle. '
setcotor(Mbue);
bar(&xl, &yl, Wx, &y2);

/* Draw info rectangle. C
setcolor(&bright blue);
bar(&rect-xl, &rect~yl, &rect-x2, &rect~y2);I /* Write company nam. */
sethatchstyle(Lhatch~i ndex);
setstclr(&white, &white);
setstext(&gms height, &aspect, &path);I movtcurabs(&gns~x, &gmsy);

P-- ~ stext( gums)
setstext(&eng height, &aspect, &path);3 'novtcurabs(&eng~x, &eng-y);
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stext( eng corp )

/* Write date. */
setstext(&date -height, &aspect, &path);
setstctr(&white, &white);I -strdate(date);
movtcurabs(&date-x, &date-Y);
stext( date );

/I Draw axes. ~

setcolor(&light blue);

movabsi(&Left~start~x, &gl axis y);

Inret(&inu-atch l ength, &no-change);
movabs(&rigchtsartg, &gl axis_1eg);
Lnrel(&hatchlength, &no-change);
monrel(&n chtsange, &gl axis Legt);
LnreL(&inshatch length, &no-change);
movabs(&leftstartx, &g2 axis yegt);
Lnret(Zminus hatch Length, &no-change);
mnrel (&Le changex, &g2_axis Legt);
Lnrel(&rushatch l ength, &no-change);
movabs(&rigchtsart, &g2_axis_1ey);
Lnrel(&hatchlength, &no-change);

InreL(&no-change, &g2_axis length);
lnrel (&minus hatch Length, &no-change);

/* Draw timer label. *
setfont( fontnaine2 );
setstext(&timer -height, &aspect, &path);
movtcurabs(&tiiner-labeL~x, &timer label y);
setstcLr(&light b~ue, 0);
stext( timer-Label );
movtcurabs(&graphltabetlx, &timer-Label y);
stext( over graph label );
movtcurabs(&msec -label_x, &timer Label y);
stext( msec-labeL )
setfont( fontname )

/* Draw BP graph Label. C

setstext(&height, &aspect, &path);
movtcurabs(&bpltbl xl, &bpltbtyl);
setstclr(&yeLtow, 0);
stext( bp-lbL );

/* Draw digital display labels. *
setstext(&dig height, &aspect, &path);
movtcurabs(&hr~lbL-x, &hrltbly);
stext( hr~lbL );
movtcurabs(&sysltbtx, &sysltbty);
stext( sys Ibt );
movtcurabs(&dias - bl x, tdies_IbI_y);
stext( dias-Lbt );
movtcurabs(&mep~lbl~x, &mapLbly);
stext( map Ibi );
setstext(Lheight, &aspect, &path);
movtcurabs(&bp~tbi -x2, &bplbly2);
stext( bptlbt)
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movtcurabs(&bpm_ bLx, &bpml bty);
stext( bcf tbt );
setstext(&diag-height, &aspect, &path);
movtcurabs(&diagIbL x, &diagtbLy);
stext( diagibt );
deltcuro;

void set_up_process disp()
C

float xl = (float) 100.0, yl = (float) 350.0;
float x2 = (fLoat) 1000.0, y2 = (fLoat) 48.0;

float height = (float) 25.0;
float mmhg_height = (float) 20.0;
int path = 0;
float cuff x = (float) 409.0, cuff y = (float) 320.0;
static char cuff[Q = C "CUFF" );
float press x1 = (float) 409.0, press yl = (float) 298.0;
float press x2 = (float) 460.0, press y2 = (float) 171.0;
static char pressO] = ( "PRESSURE" );
float venousx = (float) 460.0, venousy = (float) 093.0;
static char venous[J = C "VENOUS," );
float n*g_xl = (float) 479.0, mffhg_yl = (float) 265.0;
float mmhg_x2 = (float) 530.0, iMig-y2 = (float) 145.0;
static char m*g[; = ( "1mt4g" );
float core x = (float) 700.0, corey = (float) 193.0;
static char core ] = ( "CORE" '%
float teapnx1 - (float) 700.0, temp_v1 = (float) 171.0;
float tempx2 = (fLoat) 800.0, temp_y2 = (float) 289.0;
static char temp[] = ( "TEMPm );
float skin x = (float) 800.0, skiny = (float) 311.0;
static char skin[] = ( "SKIN" };
float degrees c xl = (float) 755.0;
floa:' degrees-c yl = (float) 145.0;
float degrees_c_x2 = (float) 855.0;
float degrees c-y2 = (float) 260.0;
static char degrees_c[U = ( "'C" );

:'loat cxl = (float) 382.0, cyl = (float) 291.0;
float cx2 = (float) 388.0, cy2 = (foat) 270.0;
float vxl = (float) 434.0, vyl = (float) 145.0;
float vx2 = (float) 439.0, vy2 = (float) 128.0;
float radius = (float) 15.0;
float arc-radius = (float) 11.0;
float anglel = (float) 20.0, angle2 = (float) 160.0;
float cuff _gage_x = (float) 386.0;
float cuffgagey = (float) 315.0;
float venous gage x = (float) 437.0;
float venous gagey = (float) 170.0;

float s thermax x (float) 790.0, s-thermy = (float) 270.0;
float c ther-x = (float) 690.0, ctherm-y = (float) 135.0;
float no change = (fLoat) 0.0;
float therm_height t (float) 50.0;
float half therm width = (float) 4.0;
float therm radius = (float) 3.0;
float therm anglel = (float) 0.0;
float ther.aangle2 = (float) 180.0;
float end arc, who-cares;
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/* Draw background rectangle. ~
setcoLor(&whi te);
bar(&xl, &yl, Wx, 'y2);

/* Draw Loop outline. ~
setcolor(&red);'
draw loop out lineo; , ,

setstext(&height, &aspect, &path);

setstctr(&btue, &blue);
movtcurabs(&cuff-x, &cuff-y);
stext( cuff );
movtcurabs(&press xl, &press-yl);I stextC press );
setstext(&n*ihg height, &aspect, &path);
movtcurabs(&iu*hg~x1 &nutg-yl);

1 setstcLr(&brightjpink, &bright~pink);

3 movtcurabs(&press~x2, &press-y2);
stext( press );
setstext(Zawhg height, &aspect, &path);
movtcurabscn&h~g~x2, &nuhg~y2);I stext( mmhg );
setstclr(&red, &red);
setstext(&height, &aspect, &path);
movtcurabs(&core-X, &corey);
stext( core );
movtcurabs(&temp xl, &teap-yl);

stext(ddgreescyc))3 movtcurabs(&skin-x, &skin~y);
stext( skin );
movtcurabs(&tenp-x2, &teup-y2);

tetderemovtcurabs C&degrees~cx2, &degrees-cy2);

/* Draw pressure gages. '
setcolor(&bri ght blue);
bar( &cxl, &cyl, &cx2, &cy2 )
movabs(&cuff~gagex, &cuff gage _y);
fcir( &radius );I ~setcotor(&lack);
box( &cxl, a~cyl, &cx2, &cy2 )
cir( &radius );
arc( &arc-radius, &anglel, &arngte2);
setccior(&brigh,_pink);
bar( &vxl, &vyl, Lvx2, &vyj2);
movabs(&venous gagex, &ve1nous gage y);
fcir( &radius );
setcolor(&lack);
box( &vxl, &vyl, &VXZ, &vy2);
cvr( &radius );3 arc( &arc-radius, &anglel, &angie2);
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/* Draw themiometers. ~
set(.olor( &red );

I movabs( &c therm-x, &c therm-y
movrel( &half-therm_ dt, &no-change )
arc( &therm-radius, &therm-anglel, &therm-angle2);

inqarc( &who cares, &who cares, &end-arc, &who-cares )
movabs( &end-arc, &c~therm-Y );

LnretC &no-change, &therm height )

ar t herm radius, &therm-anglel, &therm ange

movrel( &half-therm-width, &no-chag
arc( &therm-raa .is, &therm-angLe2, &therm-angLel);
inqarc( &who-cares, &who-cares, &end-arc, &who-cares )
movabs( &erid-arc, &s~thermky );
InretC Sno change, &therm height )

void set~upoptions-bar()

I ( float x1 = (float) 0.0, yl = (float) 0.0;
float x2 = (float) 1000.0, y2 =(float) 47.0;
int path = 0;I float height =(float) 22.0;
float words-x =(float) 4.0, words-Y = (float) 0.0;
float frncs x =(float-) 0.0, fu'ncs_y = (float) 19.0;
.nt hatch index =1;
static char funcliC = It F1 F2 F3Istatic char word'10 "FREEZE LOCK-ZERO DEC-SPEED";
static char fianc2t! , F4 F5 F6 If;
static char worcd2f U w INC-SPEED SETTINGS CHANGE-GRAPH"1;
static char fur0,3[l = F7 F81Istatic c'ar worL3O U " HELP STOP-PROCESS"1;
3etcotorý&bright btue);
bar(&xl, &yl, Wx, &y2);
setfarit( fontnAue2 );
sethatchstyle(&hatch~i ndex);
s#etstcLr(&white, &white);
setstext(&eight, &aspect, &path);
movtcurabs(&fms-icx, &funcs~y);

* stexAt( funcl

stext( uc

movtcurabs(&words_,, &words~y);
stext( wnrdl )
stext( wnrc );

stext( wordl3
setfont( foritn~ae )I ) deitcuro;

3 void update~manometer( float cuff~pressure
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float div length =(float) 14.0;

float min-us-smali. (float) -5.0;
float hatchLength =(float) 4.0;
float up-hatch = (float) 14.0;
float move-x, move~y;
float no-change (float) 0.0;
float manomn-xl =(float) 40.0, manom-x2 = (float) 60.0;
float manom-yl (float) 935.0, manom-y2 =(float) 95.0;
float manom-range;Ifloat xI, x2, yl, y2;
float maxypressure = (float) 300.0;
static float old-cuff Dress = (fLoat)-1.0;
static mnt old max hatch = 0;
mnt i, max hatch;
mnt top hatch, bottom -hatch;
float height _chiznk;
static int first-time-manom =1;

if (manom restart) (
o'ld cuff-press =(float)-1.0;
old max hatch = 0;
first-time-menom = 1;

manom_restart = 0;

height-chunik = (float) 2.0 * up-hatch;
x1 manom-xl + (float) 4.0;
x2 - manom-x2 (float) 4.0;

yl zmanom~yl -(float) 2.0;
y2=manom~y2 + (float) 2.0;Imanom -range = yl ,y2;

max -hatch = (int)(cuff~pressure / (float) 10.0);
if (cuff~pressure > (flont)300.0) cuffypressure (fLoat)300.0;
if (cuff-Pressure -c (float)0.0) cuff~pressure =(float)0,0;
cuff~pressure =y2 + (cuiff~pressure / vaxjpressure)

* manamiirange;
if (first-time-manomn) (

old cuffjpress = y2;
setcolor( &dark gray )I bar( &xl, &cuff~pressure, Wx, &old-cuffypress);
top-hatch = 29;
bottom hatch = 0;3 ) first-time-menom 2 0;

else(
if ((int)cuffjpressure == (intoldcuff~press) return;
if (cuff-pressure < old cuff _press) C

setcolor( &white );
if (cuffjpressure < y2) cuff~pressure =y,
bar( Wx, &old-cuff~press, Wx, &cuff~pressure )
top hatch = old-mex_hatch;
bottom-hatch = max-hatch;

bar( &xl, &cuff~pressure, Wx, &old_cuff Dress);
top-hatch = max -hatch;
bottom hatch = old max hatch;
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setcoLor( &red )
move-x =manom -xl+(float) 2.0;
move~y = manom~y2-(foat) 1.0+((float)bottoai-hatch *height chunk);
movabs(&move-X, &move~y);
Lnrel(&div length, &no-change);I move-x =(float) :-1.0 * hatch length;
setcotor(&red);
for(i=bottom -hatch; i<--29 && i<=top-hatch; i++)(

movreL(&minus small, &no-change);
movreL(&ff~ve-X, &up hatch);
Lnrel(&hatchLength, &no-change);
movret(&minus smnal , &no-change);
movret(&move-X, &up hatch);I Inrel(&div length, &no-change);

old-cuff~press =cuff~pressure;

old-max-hatch max-hatch;

void update icu(int up~date, int freeze, int Lock, int inc dec)

mnt hatch ,-dex = 1;

flopat heigh = (float) 80.0;

3 static int changed date = 0;

ir't time over graph, temp recent data, nunypts~plotted;
float msec-xl =(float) 527.0, msec-yl = (float) 632.0;
float msec x2 = (float) 570.0, msec~y2 = (float) 652.0;
float m'sec height = (float) 20.0;
char msec stringE53;

mnt old-msec:=0
float hr base-x (float) 780.0;
float sys-base -x =(float) 700.0;
float dias-base-x M foat) 865.0;
float map-base-x =(float) 780.0;
float hr~x, hr~y (float) 590.0;Ifloat sys~x, sys-y = (float) 475.0;
float dias-x, dias~y = (float) 475.0;
float map~x, mep~y = (float) 360.0;
float plus =(float) 10.0;
float sysyl 2 S~S + plus;
float syryl * hrsy + plus;
float dias~yl = dias,_y + plus;
float isap-yl = map-y + Plus;
float hr-x2 = (float) 910.0, hr~y2 = (float) 675.0;
float sys-x2 = (float) 835.0, sys-y2 = (float) 560.0;
float dias x1 = (float) 865.0, dias x2 =(float) 1000.0;
float mepx2 - (float) 1000.0, map~y2 (float) "5.0;
char string(33;
static int sys = 0;
static int dias =999;
static int hr x0;
static mnt map =0;Ustatic mnt old hr = -99;
static mnt old-sys = -99;
static int old dias = 99;3static int old map = -99;
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double map_float, hr_float, sys float, dias-float;

float date -hg-ight = (float) 30.0;
float time x = (float) 860.0, time-Y = (float) 730.0;
float time x2 = (float) 975.0, time-Y2 = (float) 760.0;
float date x = (float) 705.0, date~y = (float) 730.0;I char datec9];
char timeE9];
static char old-second = I'

float g_xl =(float) 112.0;
mnt gl~yl = 669;
float gl_yl float = (float) 669.0;
float g~x2 =(float) 648.0;
flot g1 y2fla (foa)8380
flot gl~y2_ta = 938;) 380
float length graph, lengthypLotted graph;
float lengthleft, percent of line;I float ydifference;
mnt g2_yl = 362, g2_y2 = 631;
float g2-yl-float = (float) 362.0, g2_y2_float =(float) 631.0;
float over~xl, old over-xl;
mnt set = 1;

mnt gi_range, bp-range, g2_range;
mnt "pmx, bpmpin;
mnt bp;
static mnt first-time~bp = 1;
float hatch_-Length = (float) '3.0;
float dot length = (float) *1.0;
float no -change = (float) 0.0;Ufloat timer baeve (float) 658.0;
float timer-bleve = (float) 658.0;
float timer-height = (float) 7.0;
float top-timer;Ifloat newval(;
static float g2_oldval;
static float ecg-gi-oldval;
mnt ecg, ecg range;
mnt ecg max = 10, ecg~min = 10;I static float cuff gl~otdval;
static float venous gl-otdvat;
int press range;
mnt press-max = 300, press-min = 0;
mnt cuff, venous;
static float pps~gl~oLdval;
mnt pps, pps range;
mnt ppsamax 6000, pps~min z0;
mnt tempinx 50, telapuin x0;
mnt arter-max =300, arter mmn = 0;
mnt more old data, ptot~point, previousjpoint;
mnt old gl graph z0;
int new~point;
mnt difference;
mnt Less -new;
static int nun -Loops z 0;
static double sum~squares =0.0;
static mnt sys~arrojy(10] (0,0,0,0,0,0,0,0,0,0);
static mnt dias-array[10J

=(999,999,999,999,999,999,999,999,999,999);3 static mnt map array[1O] (0,0,0,0,0,0,0,0,0,0);
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static int hr-array[l0j = (0,0,0,0,*0,0,0,0,0,0);I static mnt first-time =1;
static int atphainc, beta_inc, atpha sign, oeta sign;
static mnt actual pp, desiredjpp, errjp, err-dias;
int i;
mnt fidsize = 3;

static mnt positv slope =1;
static int reset 4;

static int ~q~per not crossed = 1;

static int Lower not crossed =1;

static mnt end ofp~eriod = 0;5static mnt end ofp~eriod last = 0;

mnt arter hi max = 360, arter low-max 330;
mnt temp~alrm -max = 43;
mnt tenp diff -max =10;
mnt pps~alrm-max = 6000;
int cuff hi max = 360
itcuff -Low -max = 330

static mnt nuwnpoints-over-max =0;

if (icu restart) (
changed date = 0;
Sys =0;

dias = 999;

map = 0;
old hr -99;Iold sys -9
old~dias = 99;
old map = 99;
old-Second = I'

nun lIoop- _= 0;
ssun sq.ares =0.0;
for 0i=0; i<-9; i++)

sys~array~i] = 0;
dias-array~i] 999;

hraryi = 0;

upr-not -crossed = 1;

lower-not_crossed = 1;
avg~bp = 1;
end ofp~eriod =0;
end ofjperiod last =0;

nuisjpoints over max =0;

) icu-restart = 0;

1* Draw info box. write in time and date. ~
setcolor( 9bright blue );
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_strtime(time);
/* Only rewrite date if it has changed. */
if (time[0]='O0 && time[1]==10i && ch.'ngeddate 0)(

bar( &date_x, &datey, &time_x, &timey2 );
l.strdate(date);
movtcurabs(&date_x, &date_y);
stext( date );
changed_date = 1;

/* Only rewrite time if it has changed. */
if (time[7] != oldsecond)(

bar( &time_x, &time y, &time-x2, &timey2 );

movtcurabs(&time x, &tire_y);
stext( time );
deltcuro;

old second = time[(7;

/* Update distance to move point across screen when change has
been requested. */

if (inc dec: 1= 0) (
over + (delta _over * incrdec);
if (over <= mi7 over) (

over = min over;

at_ towlimit = 1;

if (over >= max-over) C
over = maxover;
at-up limit = 1;

over xl =gx2;

gl_rarne = gl_y gl-yl;
g2_range =g2_y2 2-g2yi;

/* Set bp max and rain graph values depending on wtiether LOCK
or unlock zero option is selected. *1

if (lock == 1) (
lop rin = 0;
bp_mx = 300;

if (Lock == -1) C
bpmin dias - 30;
if (bpmin < 0) bpmin -.

bp_max = sys + 30;
if (bpmax > 300) bp"mx = 300;

bpranpe = bp•max •bp•b.in;

/* Update sys, dies, map and hr values. */
newpoint = (mostrecent_plotted + 1) X KAX MEASURED;

while ( newp~oint != (last measured x + 1) % MAX-MEASURED)

I/* The first time that newjpoint is ever greater than zero,

it is possible to catlulate a stope (since there are at
least two data points). Until the slope is non-zero, do not
process the data. Once the slope is non-zero, begin processing
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3 ~the data and never enter this loop again. *

if(first time) (
if C newp~oint - 1)(

Less -new = new~point - 1;
difference = data base~tess new] data .basefnew point];
if (difference < -2) slope =1;
if (difference > 2) slope = -1;

if (scope ==0) goto enid_of-digboo;f
ele(first-tirre = 0;

1* Calculate whether the slope of the waveform is flat, negative, or
positive. Consioer it flat if differences are small. */

els ( Less-new 2 (new-Point + MAX MEASURED 1) % M4AXMEASURED;
difference = data-basefless new] - data-base~new~pointl;
slope =0;
if (difterence c -2) slope 1;

) if (difference > 2) slope -1;

/* For every point check for values over allowable limit *1

if (data~newp~oint] Earl > arter low max*10)(
error-nm 6;
nun ~errors++;
pmessage = &Lo-arter~message[O];

basic error = 1;

if (data~newp~oint] Eppi > pps a~rm-max)
nun~o i nts over ,rrx++;U ~ ~if (nunjpoints-over-max > (30 * (int) INT FRED))

error nun 7;
nasser rors+4;
nunjpoints_over-max =0;

basic-error = 1;

I else numjpoints over max a 0;

if (data~new_.poInt] cu] > cuff_ low-max*10)
error nun = 8;
nun errors+--;
pmnaage = &lo-cuff-message[Ol;

basic-error =1;

if (databriewjpoint] tar] > arter hi max*lO)(
error nun 1;

nun errors.-;
major error x1;
pmessage = hi~arter-message[Oi;

3 if (data[newjpoint]Ecul cuff hi maxiO0)
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errornu = 2;
niun errors++;
major error = 1;
pmessage = &hicuff_message[O1;

if (data[new point] [co] > temp atrmmax*10) (
error_nL. = 3;
nuim errors++;
majorerror = 1;'
pmessage = &core_message[O];

if (dataenew-point] [skj > temp-atrmmax*10) (
error_num = 4;
nun_errors4;
major_error = 1;
pmessage = &skin-message[O];

I /* For every point, update number of points, sum of squares, ano when
appropriate, systolic or diastolic estimates. */

SrKnunpts++;
,* If highest value so far, consider it systolic. */
if ( data-base~newpoint] > sysarraynuma loopslO10I sysarraytnum-loops] = data-base[new-point3/10;

/* If lowest value so far, consider it diastolic. */
if ( database[new-point] < dies_array[num loopsJ*10

Sdias array[nUm loops] = data_basefnew~point]/10;

sumnsquares +7 (double) (database[new-point]/tO)
* (double) (data basetnew-point]/10 );

/* Determine whether have reached end of a period by keeping
track of when waveform passes through a range (at 3/4 of
the distance up between systolic ind diastolic) with
the same slope as it had at the end of the last period. */

I avgbp = ((3* otd sys) + otd dias) 1 4;

if (stope == positv stope) (

if (tower not crossed) (

if ( data base[newjpointJ > ((10*avgbp) - 20)
lower not crossed = 0;
if ( database[newypoint] > ((10*avg bp) + 20 ) ) (

upper not crossed = 0;
end-ofjpr i od++;
reset = 0;

)

else(

if (upper not crossed) C
if (data-base[new_point] > ((10*avg-bp) + 20) ) {

upper not crossed = 0;
end ofper i od++;

reset = 0;
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/* Reset the "not-crossed" markers for nexct time slope becomes
positive, *

I ~if ( (slope != positv-stopeý && !reset)(
upper_not_crossed = 1;
lower not crossed =1;
reset =1

1* Only calculate and update digital bp values at end of a period or when

numapts is 50% greater than the numnyts injyeriod. */

if ((num-yts == (int) ((doubLe)nun~pts injperiod * 1.5))
(end ofjperiod != end ofj~eriod_ last) ) (I if(M r~u11yts < (int) ((doubte)numapts injyeriod *.9))(

upper not crossed = 1;
lower -not-crossed =1;
reset =1;U end of _peri c'd- -;
goto keep-going;

3 if (end ofyperiod 1= end-ofyperiod last
hr_array~num -loops] = (int)

((60.0 / (double)numjfls)
* (1000.0 / (doubte)sapple interval));I map arraytnun loops] = (int)( sqrt(sun squares) / qrt((doubte)n~iLnjts));

nuJITJts = 0;
nunt oops++;

if (nun -Loops >= UPDATEXLOOPS)(3 nun -loops = 0;

Sys = 0;
dias = 0;
map = 0;I hr = 0;

for0i=0; i <UPDATEXLOOPS; i++)(
sys -z sys~array[iJ;
sys~arrayfil - 0;
dias -= dias_array(iJ;
dias array~i] = 999;
map -= map arrayti];I map array~i] = 0;
hr -= hr-array~i);
hr~arraytiJ = 0;

sys = sys / UPDATEX_-LOOPS;
if( Sys <0 ) Sys 0;

if( sys > 300 ) sys =999;1 sys valve = sys;
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dias = dies / UPDATEX_LOOPS;
if( dies c0 ) dias 0;
Mf dies > 300 ) dias =999;
dias valve =dias;
map =map /UPDATEX_-LOOPS;
if( map < 0 ) map =0;
iM map > 300 ) map =999;
hr = hr IUPDATEX_LOOPS;
if( hr (0 ) hr =0;
if( hr >180 ) hr =999;
if( sys < dias)(

Sys 0

/* Write in large bp nmsmbers if they have
changed. For hr and map, only writr. values
if end of period has been reached and is equai
to update-xloops. *

setcolor( &blue );
setstext(&height, &aspect, &peth);
setstcLr(&yellow, &yellow);

if (end_of~period != UPDATEXLOOPS)(
bar( &hr-base-x, &hr~yl, &hr-x2, &hr~y2 )

bar( &mapbase-x, &map~yl, &aiapx2, 9mnp~y2 )

if (hr != old-hr U& end ofjperiod -UPDATE-X LOOPS)(
bar( &hr-base-x, &hr~yl, &hr-x2, &hr~y2 )
hr fLoat = fabs((doutle) hr) + .99999;
hr-x= hrbase -x +( (float) ( 2~ (i nt) LoglUC hr'l1oat

* (float) 35.0);
movtcurabs(&hr_x, &hr-y);
itoaC hr, string, 10 )I ~stext( string )

if (sys != old-Sys)(
bar( &sys~bese-x, &sys~yl, &sys~x2, &sys~y2 )
sys-float z fabs((double) sys) + .99999;

sy~ y~ae- fot 2 (iOnt) log1OC sys float

bar( Wdiasbase x, &dias~yl, &dies x2, &sysy2 )
dies -float-= febs((dlouble) dies) +-.99999,
diasx dias-base-x + ( (float)

2 -(int) loglOC dias float
*(float) 35.0);I movtcurabs(&dias~x, &dias~y);

itoa( dias, string, 10 )
stext( string )

if (map 1= old~mep &end-ofjperiod == UPDATE X LOOP3)(
bar( amsp~bese~x, Lmap~yl, &Wmax2, &mnap~y2

map float = fabs((double) map) + .99999;
map-x = map-base-x + ( (float) ( 2 -. (int) loglO( map float
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*(float) 35.0);I movtcurabs(&map-x, &map-y);
itoa( map, string, 10 )
stext( string )

deitcuro;
old hr hr;
old -sys sys;
old dias dias;

old map map;

1* adjust coefficients alpha and beta to bring actual pressures to set poi nt,

actuatjpp = sys -dias;
desiredj~pp sys set -dias set;
alpha inc =50;
beta -inc = 50;I alpha sign = 1;
beta-Sign = 1;
err~pp = abs( actuakjpp- desiredjipp)
if( err~pp -= 25 ) alpha_inc = 20;
if( erryp - 15 ) alpha inc =10;Iif( ierr~pp -= 10 ) alpha_inc = 5
if( err-pp - 5 ) alpha inc =1;
iM err-pp -= 1 ) aLpha inc = 0;
if( actualjpp > desired~pp )alpha sign =-1;
alpha = alpha + (alpha sign *atpha~inc);
if( alpha > 1000 ) alpha =1000;
if( alpha < 10 ) alpha = 10;
err dias = abs( dias -dias set )
if( err dias <= 25 ) beta-inc = 20;
if( err dies -c 15 ) beta -inc = 10;
if( err dias <= 10) beta inc = 5;
if( err dias <= 5 )beta inc = 1;
if( err dias <= 1 )beta inc =0;
if( dia-s > dias -set ) beta -sign = 1;
beta = beta + (beta-sign * beta mnc);
if( beta > 1000 ) beta = 1000;
if( beta < 1 ) beta =1;

if( beta > ( alpha 2) beta = alpha *2)

kee gong Fo evry end~of3.eriodlast = end-ofJperiod;

/* Fr eerypoint, check whether values are above or belowi max or
min values. */

if (datalnewp~ointj [arn/10 bp~max) datatfneiwjoint] Car] = bp_max*10;1
if (datafn~w~pointj CarJ/10 < bp~min) datatfnew~pointl Carl - bpmin*10;
if (datatnewp~oint] CecJ/10 , ecg~max) datatnewdyoint] fec) ecg_lflx*10;
if (cdatatrnew~point] Ceci/lO < ecg~min) datafnewjpoint] fec] ecg~min*10;Iif (data Cneiejioint] [cul/lO press -max) data Cnewipoint] [cu] = press max*10;
if (datafnewp~ointj [cul/lO press -min) dataCnewjyointJ Ccul = press~min*10;
if (data Inewjpoint] Epp] > pps~max) data EnewipointJ [ppJ ppslflax;
if (data[new~point] [ppl < pps~min) data[new~point) [ppl = ppsmin:
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if (dataCnew~pointj~vej/1O > press-max) dataCnew~pointJ Eve] press -max*1O;
if (data~new~point][veJ/lO < press-min) data~new~point] Eve] = press min*lO;
if (dataCnew~point] Cco]/lO > temp~max) datafnewp~ointj Carl] teama~x*10;
if (data Cnew~point] Eco]/1O < teqmn~in) datatnew-point] lar] = teml-min*1O;
if (datalnewpoint] Eski/lO > temp~max) dataCnew~point] Car] = tea-max*1O;
if (datatnew~pointj Csk3/1O < tefapmin) data~new~point] Car-] = temp~min*1O;

end_of dig toop:
new~point =++newp~oint % MAX_MEASURED;

newjpoint =last measured x;

while ( new-point != most_ recent-data)

data Cnew~pointj Cskle-+;

data Cnew-pointJ Cdi] over;
data Cnewjpoint] CgrJ data~last_measured-xJ (grl;

/* Calculate y graph positions for newest set of data. *
ecg =data Cnew~point] Ceci/1O:Iecg range =ecg_"x ~-ecgrin;
dataq~new~point] EecI = glyl + (int) ( (ftoat)(ecg - ecg~min)

* (fLoat)gl_range /(float)ecg range )
cuff = datafnew_.point]Ccu]/lO1;
press range = press-max - press-min;
data~new~pointj Ecu] = gl_yl + Cint) ( (cuff ,press min)

* (float)gl range / (ftoat)press range )
venous = &.,aCnew_,.ointJ Cve]/1O;
data Enew~point] Eve] = gl~yl + ir't) ( (venous -ýpress min)

* (float)gl range / (ftoat)press ranige
pps =dataCnewpoint4 [P];
psrange = pps~mx - pm!i n;

datetnew~point] Cpol giy 4 (n)((o amn

* (flc't)gl _range I(fLoat)pps range )
data Enewj..oint] Era] = bo -range;

bp=dat-3Cnewjpoint] EarlO1;
datalnew~pcint] Car] = gZ~yl + (int)( (bp - bp_miri)*

data CneiwaointJ Eski = last-measured; (float)g2_range I(float)bp range )

data Cnew-point] Ecol = last measured x;

I newpoint = (MAX MEASURED 4 --new-point) % MAX-MEASURED;

mos~t_'ecer~t-data = I ast-measured-x;

/* If graphs are already in freeze state, do not update graphs
if !foze ; at all. Sk'p over the rest of the subroutine. ~

s~tcoLor( &bLue )
/* If Jiust fre~ezing graph, dra% navy background to prepare

to update both graphs. */
if (freeze ==1) setcolor( &navy
1* Coi'y draw over old graph if a ne~w graph is to be drawn,

if fupdate ==GRAPHSEVERY X1 freeze == 1) C
bar(&g Jl, &gl yl flo-at, &9_x2. 9gl_y2_float);
bar(&g xl, &g2_y1_float, &g~x2, &g2_y2_fLcat);
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top-timer =timer -base + ti~ner height;
setcolor( &blue );

) ~bar( &g~x2, &timer-base, &gxl, &top timer )

/* Prepare to keep track of length of graph plotted and
whether there is more data Left to plot in data array as
moving backwards through array. */

length graph = g~x2 - g-xl -(float) 1.0;

draw graphLabeLs( data [most-recent dataj [gri,
bp~min, bpjnax);

/* 'loop to coraw top graphs. Starts with most recent data point at the
right' of the screen and continues to draw every previous point
until there is no more old data or reach the end of the graph.
only draws graph when have just frozen or it is time.

if (update =-- RAPHSEVERYX 11freeze == 1)(
more_old-data =1;

Length~ptotted graph =(float) 0.0;I ~setc. lor(&Light-blue);
movabs( &g~x2, &timerlevel )
lnabs( &jxl, &timer level )

for( plot~point =most-recent-data;
mnore -old -data && length~plotted graph < ter.gth graph;
ptotp~oint--)(

pLotp~oint = (MAX MEASURED + plotjpoint) % MAX MEASURED;
previous-point =(MAXMEASURED + plotp~oint ~- 1) % MAX-MEASURED;

if (datatpreviousjpoint]dl ==i 999)
more-old-data = 0;I goto end-Ipl;

tengthjplotted graph += (float) data[plotypointifdiJ;3if ((plot~point % (int) INT -FREQ) ==0) (
over-xl = g-xZ - engthjptotted graph;
if (over Xl < gxl) goto end Ipi;
movabs( &over-xl, &timer_base );

lnrel( &no-change, &tmer-height )

end Ipl:

more old austa = 1;
lengthpilotted-graph = (float) 0.0;
over-xl = g~x2;

for( pLotpoint =most_recent-data;
more old data && length~ptotted graph < length graph;

plotj-poi-nt--)

plotjpoint = (MAX MEASURED + plot-point) % MAX MEASURED;
previous-point =(MAX MEASURED + plot-point - T) % MAX MEASUIRED;
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if (data [previous~pointJ [di) = 999)
more-aid-data = 0;
goto end 1p2;

old over x1 over x1;
ove-r xl -= (float) data[plot~point] [di];
tength~plotted graph - (feat) data~ptotpointJ [di];

if (data[pLot~poir~tltgr] == 1)
/* Draw portion of ecg graoll.

if (data~piotp~ointj [grl 1= old gi graph)(
setcolor( &bright green );
ecg-gl-oLdvaL = float) data[ptotypointllec);
if (old gi grao = O

movabsqx2, &ecg~gl~odvaL)7-

/* Frlsponthtwill be plotted on graph

(lef-mot ege)compute the e,idpoint of the portion
of the graph that is being graphed. *
if (over x1 g-xl) (
length left =old-over-xl , g~xl - (float) 1.0;I percent_of_ line l ength left / (float) data[plot~pointl [dil;
y~difference =(float) (data[previousjpoint] ec)

Sdata [pL ot~oi nt] Eec])
ecg~gl-oLdvat (float; data[ptot_ point) (ecl

over~~~~~ x gx (fat10percent of line * Y-difference;

Lnabs(&over_xl, &ecg~gl~oldvat);

else if (datalplotp~oint](grj = 2
11data[pLotypoint](grl ==3)

I* Draw portion of cuff graph. */
if (data~pLotjpoirit] grl ==2)

if (data~piotyoint] (gri 1= old gi graph)(
setcolor( &bright blue );Ucuff-gi _ai~dvat = float) data(ptot~pointj Ecu];
if (otldgi graph ==0(
movabs(&g~x2, &cuff~gl~oldval);

ele
movabs(&oid over xl, &cuff_gi_oldval);

cuff gi _oldvaL = (float) data~previous~point] Ecu];
/* For lest point that will be plotted on graph

(left-most edge) compute the endpoint of the portion
of the graph that is being graphied. ~

i(oexL = x)lengthleft = old-over -xl1- gx 1
-(float) 1.0;

percent ofli me =length left
I(float) datacpLot~point] [dil,
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ydifference = (float) (data~previousp~oint] (cu]

cuff .data (ptot~pointJ (cu]);
cuf giotdval = (float) data~ptotypointj Ecu]

+ Percen~t of line * Y-differ~nce;
over-xl =g-xI + (ftoat)1.0;

Lnabs(&over-xl &cuff-gi_a~dvaL);

/* Draw portion of venous gr~.A,h.
4f ( data tptot_,oint] Egr] 3)(

if (data~plotjpoint] fgr] 1= otd gl graph)

if (ol'ý_91_graph 0)(
movaos(&g_..2, &venous~gl~otdvat);

at se(
movabs(&old-over_xl, &venous_9lotdvat);

venous-gl otdvat = (ftoat)data~previousp~oint] Eve];
/* For last point that will be plotted on graph

(Left-most edge) compuite the endpoint of the portion
of the graph that is being graphed. ~

if (over Ixl <= g-xl) (
LengthLeft = oLd-over xl g~xl

percent of_HLne t ength Leftfoa)10
/(float) data~plot~pointJ [di];

Y-difference = (float) (data~previous~point] [ye]

venous .data Eplot..poi nt] Eve]);
veougl_oidvat (float) data~pLot~point] (ye]

+ percent of Line ,y-difference;
over xl =g~x1 + (fLoat)i.0;

Lnabs(&over_xl, &ven*us~gl~otdaL);

I etse if (data~plotypointl Egri ==4) f
/* D aaw portion of pps graph. *

if (data tpLotjpoint] Cgrl 1= oLd -gi graph)(
setcot.or( &bright orange );
ppsgl1otdvat z(float) data~ptot~poinrj [pp];
if (oLd gi graph - )C
,InVbs(&g x2, &pps~gloLdvaL);

ele
movabs(&otd over xl, &pps~yl~odval);

pps-gi_otd/iaL= (float) data~previousp~oint][pp];

/* For last point that wiit be plotted on graph
(Left_most edge) compute the endpoint of the portion
of the graph that is being graphed. */I if (over-xl =g-xl) (
LengthLeft =oid over xl - g~xi- (float) 1.0;
percent -of_ -line = LengthIeft/ (float) data~ptot~pointj (di];
y~difference = (float) (date(previousjpointJ[pp)
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pps -data (ptot~pointJ Lpp);]

+ percent-of-line * y~difference;

over xl = gx¶ + (float)1.O;

Lnabs(&over xl, &pps~gl~oldvat);

old_p1 _g-eph data [pLotjpoir't] gr3;

endLp2:

I* Ca~cu~ate the number of milliseconds represented aver the length of the graph. *
temp recent cata = most_recent-data;
if (temTp recent data < pLotpoint) t-mrecent-data -~ MAX-MEASURED;I numjpts~pl otted =temp recent data plot-poi nt;
time-over-graph = (int) M(double) rziT.pts~ptotted I NTFREQ) *1000.0);

if (time over grapn 1= old -msec)
setcotor( &blue );
bar( 8dnsec_xl, &nsec~yi, &msec~x2, &msec-y2
if ( irnore-old-data ) goto done-inec;
otd -msec: = time over graph;
setstext(8dnsec: height, &aspect, &path);
setsbtctr( &light blue, &light-blue )I ~movtcUrabs(&nec-xl * Isec-yi);
izoa(time-over graph, msec string, 10);
stext( msecsatrirng

I deLtcuro;

done msec.:

I* Draw bp graph when have just frozen or it is time. ~
if (update == GRAPHS-EVER(fX 11freeze ==1)t

more old data = 1;
tength plotted-graph = (float) 0.0;
over xl = 9_x2;
setcotor( &yelow,)

newyal = (float) data~most recent-data] Tar);
rnovabs(&g~x2, &newval);

for( ptotpoint = most recent data;
more old data && lenigthyplotted graph < length grKap;
pLotJpoint-(

p~lot~point = (MAX REASURED + plot point) % MAX -MEASURED;
previousyoint =(MAX -MEASURED + plotypoint - 1) % MAXMEASURED;

if (data~previous~pointJ [di! =-- 999)C
more-old-data = 0;
goto end 1p3;

Iohkd -over-xl =over xl;
over_xl - 'float)1 data~plot~point](di];
lengthyltotted graph - (floatA data[plot~pointj [dii;
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/* Draw portion of bp graph. */

g2_oltdat = (float) data[previouspoint] Car];

/* For last point that wilt be plotted on graph
(Left most edge) compute the endpoint of the portion
of the graph that is being graphed. */

if (over xl <= g-xl) (
Lengthleft = oLd overxl , gxl - (float) 1.0;
percentofline =-Length_Left/ (float) data(plot point] [di];
ydifference = (float) (data(previous point][ar]

- data(pLotpoint] Earl);
g2_oldvaL = (float) datafpLotypoint](ar]

+ percent-of-Line * ydifference;
over_xl - gxl + (float)1.0;

end : Lnabs(&over 
xl, &g2_otdvat);

if (freeze == 1) frozen = 1;
I
I

void update process'int pps,int cuff,int venous,int core,int skin)
(

int color;
float cursor x = (float) 165.0, cursory = (float) 245.0;
double angle;
float center x = (fLoat) 170.0, centery = (float) 182.0;

fLoat smaLL radius = (float) 4.0;
float very_sma•lL_radius = (float) 2.0;
int normaL width = 1;
int odd_nut*,erLine_width = 3;
float Length-Line = (float) 20.0;
float movex, move y, temporary;
float twice-x, twicey;
float cos_angle, sinangle;
float rdtter radius = (ttoat) 7.0;
int i;
double angle radians;
static double currentangle = 360.0;
int angle int;
double pps_constant = (float) 0.20, loop time = (float) ( 10.0/ INTFREQ );
float pump radius = (float) 28.0;

int hatch index = 1;
int path = 0;
float height = (floc) 40.0;

float cuff x = (float) 409.0, cuffy = (float) 261.0;
float venous_x = (fLoat) 460.0, venousy = (float) 135.0;
float corex = (fLoat) 700.0, core-y = (float) 135.0;
float skinox = (float) 800.0, skin-y = (float) 251.0;
float plus = (float) 5.0;
float cuffyp = cuff y + plus;
float venousyp = venous y + plus;
float core-yp = core y + plus;
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float skinyp = skiny + plus;
float cuff x3 = (float) 479.0, cuffy3 = (float) 300.0;
float venous x3 = (float) 530.0, venous y3 = (float) 174.0;
float core_x3 = (float) 753.0, core-y3 = (float) 174.0;
float skin x3 = (float) 843.0, skin-y3 = (float) 292.0;
char string[3J;
char just string[4J;
char temp-string[3];
int write cuff, write venous, writecore, writeskin;
static int oldcuff_dig = -99;
static int old venous dig = -99;
static int old core dig = -99;

static int old_skindig = -99;

int cuffline-width;

float topstart_cuffx = (float) 178.0;
float topstart_cuff y = (float) 295.0;
float bottom_startcuff x = (float) 175.0;
float bottom start_cuffy = (float) 91.0;
float topcuff x, top cuffy, bottomcuff_x, bottomxcuff y;
float topcuff length x = (float) 200.0;
float top cuff tengthy = (float) -24.0;
float bottom cuff Length x = (float) 200.0;
float bottom cuff_length y = (float) -19.0;
float bottom_ Line[9 ([21;
float top_lineC9] (21;
int numnLines, j, x = 0, y = 1;
static mnt oldhnumnlines = 0;

float mercury-height;
fioat skin_x1 = ('Loat) 792.0, skinyl;
float skin .2 = (float) 796.0, skin y2 = (float) 267.0;
float core_x1 = (float) 692.0, core yl;
float core x2 = (float) 696.0, corey2 = (float) 132.0;
float therm-_width = (float) 5.0;
float back_a_bit = (float) --4.0, down_a_bit = (float) -4.0;
float no-change = (float) 0.0;
float max-mercury = (float) 50.0;
float max coryl = (float) 185.0;
float max-sknyl = (float) 320.0;
static int old skin = -99, old-core = -99;
int draw-skin, draw-core;

i- ftdsize;

double needle angle;
float length_needle = (float) 11.0;
float cuff center x = (float) 386.0;
float cuff centery = (float) 312.0;
float venois center x = (float) 437.0;
float venous center y = (float) 167.0;
float gage-radius = (float) 11.0;
static int oldcuff = -99;
static int oldvenous z -99;

static int old arm color = 0;
static int old loop_color = 0;

if (process_restart) {
currentangle = 360.0;3 old_cuffdig = -99;
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old venous dig = -99;
old core dig x -99;
old_skindig z 99;
old rim lines = 0;
old skin - -99;
old core = -99;
old cuff = -99;
old venous z -99;

old arm color = 0;
old loop_color = 0;
process restart : 0;

/* Draw arm outline. Maintain value of old color. If new
color is the same as old color, do not draw the arm. */

/* Determine new color. */

if ( skin - 20 ) color z navy;
else if ( skin < 30 ) color a lightblue;
else if ( skin < 35 ) color z akinpink;
else color a red;
f/* If color has changed, draw new arm outline. '/
if (old arm color !x color)(

setcolor(&color);
draw_arm outtineo;

I

old-arm color a color;

/* Draw cuff. */

/* Calculate width of cuff. 5/

if (cuff = 25) mum lines x 1;
else if (cuff <= !0) nra linft 2;
else if (cuff <x 75) num lines =3-
Iise if (cuff <x 100) nim ines x 4;
else if (cuff <= 125) rAumlines = 5;
else if (c.ff <= 150) num lins x 6;
else if (cuff <a 200) nut lire? = 7;
else if (ciff <= 250) ruimlines = 8;
else num linef. 9;
if (010_Urm lines s- r ii',es) goto end draw cuff;

top line[O](1] = (float) 3.0;

tcpline[2])!1 = (float) 6.0;
top line3]1 = (f=oat) 9.0;
top-line(4][1] = (float) 12.0;
top tine (5] E1] (float) 15.0;'
topline[6] [1] = (float) 17.0;
toptine[T7 [1] (float) 20.0;
top_ ir (81 (] = (flcoat) 23.0;

for (i=O;i<8;f++) (

top-line[i][j) * (float)1.0;
bottom_ line[i][j] = 'float)1.0;Jl;

bottom Linei [j]i = tp_tine[iU][(];
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cuff line width =1;

settnwidth( &cuff tine width )I ~if (mnuti ines < olddmnuw tinmes)
setcoLor( &hdit-e );
for (jxotd nut, tines; j)miai_ Lines+1; J--)(

iztj-1;I ~top cuffx x stop_start_cuff x + top tinefii~] x;
top cuff y = top_start_cuff y + toptineti] fyi;
movabe( &top cuff x, ttop cuff y );
Lnret( &top cuff Length~x, &top cuffLength~y
bottom cuff x nbottom-start-cuff-x bottom tineC ii xi;
bottom cuff y = bottom start cuff y oottom-tine~ii fyi;
movabs( &bottom-cuff x,. &bottom cuff y );
tnrei(&bottom-cut?'length~x,&bottom -cuffLength y);

fora lines td num t ines) ( jcr"-ius rins; j++)1

top cuff x = top start cuffx+ c ieix;
top cuff y ztop_;tart_cuff y + top tine0il v3;
movabs( &top cuff x, &tLp uff y );I tnreL( &top c:uff tength~x, &top cuff length-y
bottom-cuff-x = bottom-start-cuff-x -bottom-tine Ci Cx;
bottom cuff y - bott'u. start cuff y bottom tineti] fyi;
movabs( Ibottom cuff x, Lbottom cuff y );I tnret(&bottom cuff Length x,&bottom cuff length-y);

old ra.. tines z num-ti noes;

setLnw~1th( &normt_width )

end-draw-cuff:

I I'/ Draw mercury in thermometers. ~

f* Catculate mercury height for skin teap. If hasn't zhanged,
set so that won't draw new mercury. */I merrury heielht x C(finat) skin - (float) 30.0) / (ftoat)0.20;

if (mercury _height -cfloat) 0 0)
vercury height x(float) 0.0;

if (me-cury-height > -vxwsLrcjiry)

merci~ry-height xmax mer:ury;

draw skin = 1;
if ((int)mercur/_height -u oic skin) draw skin 20;

/* If new mercury is r~eeded for skir. teV, draea the mercury.,
If new mercury height is smatter than old height, first
draws white bar to erase ot'l mercury. Then, regardless,

if(rwsi ldraws the new me.,cury, o

if ((int)mercury height c old 3kin)
setcotor! &white );
skin yl z skin y2 + amx mercry + (float) 3.0;,I ber( &skin-xl, fskin-vl, &skin-x2, &skin~y2 )

setco or( tigh: k-.iT"Us 
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skiniyl vskin-y2 + mercury-height + (float) 3.0;
bar( &skin Xl, &skin~yl, &sk~n-x2, &skin-y2 )

old-skin z (int) mercury height,

/* Calculate mercury height for core taop., If hasn-'t cnanged,
set so that won't draw new mercury. *I

mercury-height = ((float) core - (float) 30.0) / (foat)0.20;
if (mercury-height <(float) 0.0)

mercury height =(float) 0.0;
if (mercury-height > wmx mercury)I mercury height z max-mercury;

draw-core =1;
if ((int)mercury height zzold-core) draw-Core 0;O

/* If new mercury is xigded for core temp, draws the mercury.
If new mercury height is smaller than old height, first
draws white bar to erase old mercury. Them., regardless,
draws the new mercury. */

if (draw core -3 1 11old core zz -99)(
if ((int)mercury-.height < old-rore)

core-yI core~y2 + max mercury + (float) 5.0~;
bar( &core xl, &core-yI, &core-x2, &core-y2 )

setcolor( &tight gray )
coreyl a core~y? + mercury hei jht +. (float) 3.0;

ber( &core xl, &core~yl, &core-x2, &core-y2 )

old -core a (int) mercury height;

/* Draw needles on cuff and venous pressure guages. '

/* If the cuff pressure has changed, erase old needle,
calculate new needle position, and draw new needle.,3

if (cuff in old cuff)(I ~/* Erase old needle by drawing blue circle. ~
movabs( kcuff center~x, &cuff center-y
setcolor( &bright-blue )
fcir( tgage radius );I I'/ Draw pin for needle. '
setcolor( Lback );
fcir( &very_ small_radius )
/* Calculate end point of new needle. ~
needle angle x -140.0 * (double) cuff /300.0 + 160.0;U angle-int a (nt) needle angle;

sin-angle = (float) 9-rt( 1.0 - (double)(cos angle~cos angle) )
movex z cos angle * ngth needle;
.o-e~y z sin angie * length_needle;
/* Draw new needle. 3

move~y *z aspect;I Lnrel( Imove-x, imove-y

old-cuff - cuff;

/* If the venous pressure has changed, erase old needle,
calculate new needle position, and draw new needle, '

if ( venos 1zotd-enou X 
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/* Erase oLd needle by drawing blue circle, '
movabeC &venous-center~x, tvenous~centery )
setcoLor( &brightylink )'I fcir( &gage radius );
/* Draw pin for needle. '

setcolor( &back );fcir( Lvery small_radius )I I'/ Calculate end point of new needle.,'
needle angle - -140.0 * (doub~le) venous / 300.0 + 160.0;
angle -mt =(int) needle-angle;
angle-radians - (doub~le) angle-imt * PI/ 180.0;II cos angle v (float) cos( angle_radians );
s'in angle z(float) sqrt( 1.0 -(doubtle)(cos ewigte'cos angle) )
move~x =cos angle * length needle;
fovev=y sin angle * length needle;
/* Draw new needle. '
move-y *= aspect,

lnreL( move-x, &movey )

old -venous = venous;

I' Fill in Loop outline. Maintain value of old color. if
new color is the same as old color, do not refill the
Loop. *II /t Determine new color. v/

if ( core -c 20 ) color x navy;
else if ( core < 30 ) color = light blue;
else if ( core < 35 ) color 2 skin~,pink;I else color £ red;
I' if color has changed, refill loop. '
if (color Is old loop-color) C

movabs( &cursor~x, &cursor~y
flood(&color);

if (pDraw GRAp S h VeadX every time an icu graph~ is updated, '

current-angle -~ (Ppe-constant * (double) pps *loop time);
movabs( &center x, &center~y
setcoLor( Atwhite );
fcir( &pump radius )
setcolor( &back )
fcir( &samlL radius )
current-angle z (doub~le) ((int) current_4ngte % 90);I angle z current angle * P1I /180.0;
setlnwidth(&odd-nimber-line width);

cos-angle x (float) cos( angle )
sin angle z (float) sqrt( 1.0 -(doubte)(cos_angte'cos angle) )
move_x s cos_angle *length_line;
move~y x sin-angle *length line;

/* Move cursor to end of arm in first quadrant, '
temorary a move y * aspect;
movrelC Imove~x, Utew~rary )
I' Draw arts wnd rollers in first and third quadrant. '
fcir( &roller-radius );
twice -x x (float)-2.0 * move-x;
twice-y (float)-2.0 * move yfU temporary 31 aspect * twice-y;
lnrel( ttwice~x, Lten Worary);

fcir grl~er rad us 
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movcbs( &center_x, &center~y

1* move cursor to end of arm in second quadrant.,~

temorary z(ftoat)-1.0 * move~y;
move~y - mov*ix;
move x - t emporary;
teyporary xmove y * aspect;

I, .movreL( &dnove~x , &temrporary )
/* Draw arms and rollers in second and fourth quadrant. 5

fcir( LrotLer radius );
twice x =floati-2.0 * move-x;I twice-y = (1 Loat)-2.0 * move~y;
temrporary aaspect * twice~y;
LnreL( &twice -x, &temrporary);
fcir( &roller-radius )

setlnwidth( &normat-width )

/* Write in numbers that have changed. For each nuirber that
is written, first draw a bar to erase the old number,
then convert the integer value to a string and write the
string. */

write-cuff z write-venu write-core = write skin 1;
iif (cuff -old cuff dig) write-cuff z0;

if(venous zz ol(d -ve-nous-dig) write venous z0;
if (core -s old-core dig) write core = 0;
if (skin zz old-skin dig) write-skin =0;I old cuff dig scuff;
old veno-us dig =venous;
old-core dig =core;
old skin dig = skin;

setcolor( &Wdhite );
sethatchstyle(&hatch~index);
setstext(gheight, &aspect, &path);

I if writecuff)bar( Acuff x, &cuff yp, gcuff x3, &cuff y3 )
setstcLr(&7blue, &blue);
movtcurabs(&cuff~x, &cuff~y);
itoa( cuff, string, 10 )I fLdsize =3;
if (cuff <10) fidsize 2;
stpiust( u~st string, string.I, fcldsize, JUSTRIGHT);
stext( just string )

i*1 (write venous) C
b-ar( &vefous-x, "Vvenous~yp, &venous~x3, &venous~y3 )
setstclr(c.brightDink, &bright~pink),
movtcurabs(Z~t.1ois~x, &venous~y);
itoa( venoujs, string, 10 )

fidsize x3;
if (venous <10) fidsize =2;1
stpjust( just string. string, ' ,fldsize, JUSTRIGHT);U s~text( just string )

if (write core)(I ba~r( &core-x, tcore~yp, &core-x3, &vore-y3 )
setstclr(&red, &red);
movtcurabs(&core~x, &co re-Y);

itoa cor , sting,10 
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fldsize a2f
if (core ýc 10) fidsize - 1;
stpjust( tmp_string, str-ing, ',ftdsize, JUSTRIGHT);,

if (wit skin)3 )

wiv*+urabs(&skin x,&si-I
itoaC skin, string, 10 )

ftdsize z2Iif (skin c10) fldsize 1;
stpiust( tefip-string, string, ',fLdsize, JUSTRIGHT);
stext( temp string )

dettcuro;

I void r-ra:-a2 7Z t rin x2

fot uper~bicepyx=(la)300

fioat upper_forearm.-x x (float) 310.0;
flbat upper_forearm-Y - (float) -3.0;
floac I4pper~paim-X- (float) 70.0;
float upperpaim-Y x (float) 30.0;

float upper thumbx z (float) 80.0;
float upper thutzy =(float) 10.0;
float thumD radius a (float) 9.0;
float thuxb~arglel - (float) 970.0;
float thumbangle2 = (float) 290.0;

float lower thumb - (float) 40.0;
float lownr-thumb x (float) 120.0;

float overlap~x = (float) -25.0, cverLap~y 2(float) -30.0;

float bottom start y, arm-width = (float) 200.0;
float lower bicep-x z (float) 320.0;
float lower-bicep~y x (float) -30.0;
float lower-forearm-x v (float) 310.0;Iftoat lower forearm-y z Mfott) 40.0;
floet tower~patmx - (float) 100.0;
float iowerjpalmiy z (float) -20.0;

float lower pinky~x a (float) 100.0;
float loiwer~pinky~y a (float) 15.0;
float over-pinky = (float) 1.0, upýpinky Otfoat) 12.0;
float pinky-radius = (float) 6.0;
float p. -ky-anglel = (float) 270.0;
float pinky arigle= (float) 90.0;
float t4pper~pinky~x = (float) -90.0;3ttý,t L4pper31inky~y = (Cloat) 5.0;

float lower ring~ - (float) 100.0;
float lower ring y =(float) 10.0;
float over finger =(float) 1.0, up-finger 2 (float) 13.0; " s rdsls r frp r aai
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float finger radius z(float) 8.0;
f Loat finger angile a (float) 270.0;

float finger aingl2 a (float) 90.0;
float upper ringxy (float) 5.0;

float lower middle x a (float) 100.0
float lower middle y s (float) 10.0;
float up~per middlex x z(float) -110.0;
float upper-middLe-Y x (float) 5.0;3float lower_.oint~x =(float) 100.0;
float lower~point~y a (float) 10.0;
float upperj~oint x =(float) '110.0;3float upperj~oint~y =(float) 5.0;

movabs(&arm start x, Larm-Start y);
SnineI(&Li.e~r bi cep~x, kpper~bi copy);
lnreL(9uper_forearm-x, Lt42per forearm y);
lnrel(Li.pper~psm-x, &upperjpalmy);

I nreLI(L4pper thtu~bx, &up4per~thuIb~y);
movreL(Lover~thum, Ldown thuml,);
arc(Lthumb radius, Lthumbangtle, Lthumbangle2);
inqarc( Lend arc x, Lend arc~y, Lwho-cares, &wlso cares )
i~vabs( Lend arc x, Lend arc y );
lnret( &Lowe-r thumbx, Llower~thiumb~y

lnrel( Loverlap-x, Loverlap-y );

bottom-start,.y x arm start y --- arm -width;
movabe(Larm -start A, &bottom-start y);
lnre1(Lower~bicep~x, Llower~bicep-y);
Inret (Lower-forearm-x, Llower forearm Y);
LnrelLlower~paLm-x, Llower~paLm~y);

Lnret(&Lower~pinky~x, Llower~pinky-y);
movrel(Loverypinky, Lupoinky);
arc(Lpinky radius, Lpinkltyangel, Lpinky~angle2);
irqarc( Lwho-cares, Ltho-cares, Lend-arc_x, Lend arc y )
movabs( Lend arc- yLnid-arc y );
Lnrel( Li.pper~pinky~x, kqpper~pinky~y

lnrel( Llower ring~x, &Lower ring~y
movrek( Lover finger, &W-~finger );I erc(Lfing~r radius, Lfingeraengiel, &finjer~angLe2);
inqarc( &who-cares, Ltdo-cares, Lend arc x, Lend arc y )
movabs( Lend arc x, Lend arc~y );3 ~lnreL( Lt4pper~ringx, Li.pper ring~y

LnretC Llower middle X, Llower-mi ddle-y);
movrel( Lover finger, Li.~finger );
orc(Lfinger radius, Lfinger~anglel, Lfinger_angle2);
inqarc( &who-cares, Liwio-cares, Lend-arc x, Lend arc y )
movabs( Lend arc x, Lend arc y );
InreL( &uppr-middle-x, &Lpper~middle-Y

InreLc Llower~point~x, Llowerp~oint~y);
movrel( Lover finger, &up-finger );
arc(Lfinger~radius, Lfinger~anglel, &finger~angle2);
inqarc( Lwho -cares, &who -cares, Lend arc x, &end orc~y "U eo icoue;frp r aai
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movabs( gend arc x, tend arc y )3 Inrelt &uperypoint~x, &upper~p0oft_y )

void drawLoop outtlrneo

Ufloat startloop~x = (float) 164.0;

fottop_outer_twvnth z (float) 600.0;
fl~at tooouter-Y s (float) 0.0;IfLoat nio c-hange a(float) 0.0, who-Cores;
fl-sat outer-downicentar~y a(float) -70.0;
fL~ln outer~upceriter~y =(floa!) 70.0;
f~oet outer-radius x (fioat) 45.0;
flkoat outer anglel = (float) 270.0;

fotouter ang~ie2 a(float) 90. -0 0.0

lo er lot op ovter~int z (float) -6.00.0

Ufloat botopmmoer~y z (ftoat) 0.0;
float inne~r down cnerya (float) 6 4.0;
float irwwrpcen'terz (float) 45.0;
float t-irvi or-radius z (float) 3 90.0;I ~ ~float botominner_y (loant) (foa)0 59' 0
float bto inner dw-etry = (float) 0 4.0;

float down -a -bit z (foat) p55.0;

movabs( Laturt loop~x, Lstar-t loop~y
I nrelI( &top outerI ength, &top-outery )
movreL ( &no change. &outer-down-ctnter~y
arc( &outer radius, Louter~anglel, &oute-_P.Nge2 )
inqarc#. &end~arc~x, &end-arc-y, &who-cares, &who cares )
movak's( Lend-arcox, &end-arc y );
lnrett &bto-ue-egh &bottom-outer_y
movret ( Smochange, &outer~up-center~y );

arc( &outer-radius, &outer_&Qte2, £"iter~angle1 )

iqovabe( 9start loop~x, &start Loop-y
raovrel( &irriertoop-ovar, LVoop width )
tnret( &top inner length, &topi irwer~y
movre. ( nchwrie, &irwrer -down-centery )
arc( Eirrier radiusi, Souteranglel, Louter~angie2)

I iwqrc( &erid-arc~x, end-arc~y, &who-cares, &who-cares )

I mnt path z 0;
float heighit x (float) 40.0;

int btc -ind x a1; 
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float x = (float) 0.0, y z (float) 950.0;

int count 0;
float xl (float) 0.0, yl a (float) 1000.0;
float x2 (float) 1000.0, y2 M (float) 955.0;

setcolor(&brightblue);
bar(&xl, &yl, &x2, &y2);

whiLe ( he3der~count] 1= '\0' ) ++count;
x (float)475.0 - (float) 0.5 M (float)count * (fMoat)20.0;
sethatchstyte(&hatchindex);
setstclr(&white, &white);
setstext(&height, &aspect, &path);
movtcurabs(&x, &-);
stext( header );
dettcuro;

new- header z 0;

void help system(void)
(

int curs.pos a 7;
float xl - (float) 0.0, yl • (float) 0.0;
float x2 z (float) 1000.0, y2 a (float) 1000.0;
float inxl - (float) 20.0, inyl (float) 78.0;
float inx2 z (float) 980.0, iny2 • (float) 970.0;
float title.height a (float) 120.0;
float titte-x a (float) 60.0, title_y - (float) 800.0;
static zhar titke-msg[l z ( N Help System "
float func masg_height = (float) 40.0;
float funckeysx z (float) 55.0, funckeysv • (float) 720.0;

static char funckeys msg[l * ( "Press function keys for option descriptiorrs." );
float esc x x (float) 190.0, escy a (float) 650.0;

static char esc-=sg[] a ( "Press ESC to exit help system." );
P float box x x1 (f'.oat) 100.0, box-y1 = (float) 125.0;

float box x2 x (float) 900.0, box-y2 z (float) 600.0;
float messageheight = (float) 35.0;
float message x x (float) 160.0, message_yl = (float) 530.0;

float message-y2 = (float) 485.0;
float messagey3 x (float) 40.0;
float messagey4 = (float) 395.0;
float message_y5 - (float) 350.0;
float message_y6 - (float) 305.0;
float mssage_yT x (float) 260.0;
float wessage_y8 x (float) 215.0;
float messagey9 a (float) 170.0;
float messagey10 = (float) 125.0;

static char freeze msgl[l = ( "Toggles between freezing and unfreezing" );
static char freeze mssg2[] = ( "the icu graphs. Control of blood" );
static char freeze msg3C] a ( "pressure is not affected." );

static char range_msgl[l a ( "Controls the y-axis of the arterial" );

static char range mssg2] a ( "graph. Toggles between a range of" );
static char range msg3[] [ I "0 - 300 mm4g and a range of just" );
static char range_msg4[l z ( "below diastolic to just abovw systolic."' );

static char decrease msgl[l a ( "Oecreases the speed that data points" );
static char decrease amsg2[] = - "move across the graph. As the data" );
static char decreasemssg3[l = ( "poirts move more slowly, more of the" );
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static char decrease messg4C a ( "signal coon be seen at one time." );

static char increase sisagi a ( "Increases the speed that data points" )
static char i nc:rease insgzfEl a ( "'move across the graph. As the data" 1
static char i nc rease-mesg..DS = ( "Points move more quickly, Less ot the",,
static char increase mag4t) a r"signal is visible at on.- time, The" )
static char increase-amss5fl a ( "signal becomes spread out across the" 1
static char increase mesg6E0 - ( "1screen." )

static char settings masglO - ( Nina, es current settings of the headeri," )
static char settings msug20 z C "heart rate, systolic, and diastolic " )
static char settings mssg3[3 a ( "values. Gives the option to restart the" 1
static char settings mssg4fl = ( "simulation with new values. While the" 1
static char settings msg5[] a ( "current settings are displayed, the" );
static char settings msg6El z ( "simulation screen disappears from the"$'
static char settings -mesg713 z ( "screen. However, computer-controL of" )
static char settings mssg8Ej a ( "the arterial pressure and measurement" 1
static char settings_ mssg9[] r ( "of data continue." );'

static char display mswgll -a ( "Toggles between signals displayed on" )
static char display mag2E] - ( "the upper icu graph." );
static char display mssg3E x ( u ECG .. green
static char d-isplay_ mssg4E3 - ( " Cuff Pressure blue" )
static char dispLay mssg5E] z ( N Venous Pressure pink" )
static char display msg6[3 a ( N Moto- Speed orange" )

static char help mssg[o a ("Explanation of eight funrction keys.",'

static char quit mssglfl= "Stops the silmulation adexits the",'
static char quit mssg2[]a "program." )

mnt p6.n a 0;
mnt ch;

delbox(';
setscreen(tpage2);
setcolor( &blue );
ber(&xl, Lyl, Wx, &y2);
setcoLor( &white );
bar(&inxl, &inyl, &inx2, &iny2);IsetstWx( 9titLe -height, laspect, &path )
setstcLr( &blue, &blue ;;
movtcurabs( &title-X, 9title-y
stext( title -mssg ):I ~setstext( Munzc masg height, &aspect, &path )
movtcurabs( Ifuanckays~x, &fuaickeys~y
stext( funckeysiwag );
movtcurabG( &esc-X, &esc~y
stext( escinseg );

setup~options-baro;

bar( &box xl, &box~yl, &box x2, &box~y2 )
setstctr( &white; &White )
display( &page2 );

keypress; while ( ikbhilto))
ch a getcho;
if (ch ' 0') ch xgetcho;
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i f (cli - 27) (
deL box 0;I ~ ~setscreeri( &paqel )
display( &pagel )
return;

I else
if (cli - 598M ch - 66) cursypos = c 58;
else
i f (cli -.49 " ch - 56) curs~po z ch -48,

elseIif (cli 72 ch -~ 75) curs~pos--
else
if (ch 77 cli == 80) curs~pos++;
else
if (.0 13);
elso g;OtL keypress;

i f (cu's~pos -z 9) cursjpos a 1;I else
if (cursjcos - 0, curs~pos a8;

Lpdate opt i c'ns( curspoe);
tietcolor( tkbtue );
bar( &box~l bx~l bxx2, bxy

moycurbe Liesagex,&message~yl 1;

swi tcli(curs-rs)

caft 1:
&text%' freeze-sG);l
woetcuraws ( Lmess..qx, &uiessage~y2
stext( frzeze-msg2 );
movtcurabs.( Lmiensaagx, &oessage~y3 )
atext( freeze assg3 )

case 2: break;
stext( range msgl i
movtcur-abs( 8acssxge~x, I&nessage~y2 )
Stexti rangwss92 );
F?.jvctjrabe( Imessvaget, Wdeqsagey3 )
st-oxt( rangt~ftss3 );
m~ovtcurabs( &se~saqex, Iuiessajegy4 )
stext( range -maq~4

cs3:stext( decreaseinssgs ; ~a~.y2
motuas & messagexmsagy3

stext', decretsc-msg.. )
break;

case 4;
stext( increase-psag¶ )

imovtcurb?ý3 4s(&es3&ý,e( idnC3ribe~y2 )
#%)vtc~ri.bs, Ai'essag3_x, tmssag_*3e )

stex( in rrtfr-m~ ;3 
Use or disclosure of retort e'at & is

subject to tl's restriction on Iev Title
page of this Final Repc;-t*.
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movtcurabs( Lmessage~x, &dm.ssage~y4 )
stext( increase mssg4 );I ~movtcurabs( &aL-ssage~x, &.ness~ge_/5
stext( increase mssg5 )f
movtcurabs( &message~x, &rlessaqevy6
stextC increase Mssg6

Icase 5: bek
stext( settings ausgl )f
w~vtcurabs( £message~x, &message_,,2
etext( siett~ngs amssq2 );

.ovtcurabs( &,uessage~x, Iamssage~y3 )

umivtcurabs( Fdnessrg:ýx, &wnssage~y4 )
stext( settings livaso. );
vwOtcurabstC Iessage~x, t&ne-rage~y5 )
stext( settings umsg5 ),
Nvovtcurabs( Lwessbje~x, &message v6 )
*text( settings mnsip6 );
m~vtcursbe( Lmissace~x, Zmessage~y7 )
staxt( settings ms97g );
movtcurae)s( 9wassage~x, Lmessage~y8)

stxt ettings wssg8)
movtcurabs( gmrssagex, lMwssaqe~y9 )I ~stext( settings massg9 )
break,

case 6:
stext( disptay insgl )
novtcurabs., 1aessate-x, &message~y2 )
stex't( displaymwss2 );
setstctr( Lbright~greem, &bright green )
movt~urabs( Smessage~x, LI*tsage~y4 )I text( display_!wsg3 );
setstctr( tbright blue, tbright blue )
.ovtcurabs( Amessagex, &mesi.age~y5 )
6text( display ms4)
setstclr( Ltbight~pink, Lbrightjpink )Umovtcuirabe( Imessage~x, Zmessaegey6
stext( display inss5 );
setstclr( Lbright orange, &oright~or-ange )
movtcurabs( &£message~x, amessage~y7 )II stext( dfispiay wsig6 );
setstelr( &,Aite, &h~ite )
break;

case 7:
stext( ;, itpmwasg

ce8:movtcurabr6( Seasage~x, &messagey );

dettcuro;
qo~o keypress;

Yvoidl up~date opt io'-%(curspj~os)

floa yl = (f oat 1.0 yZ = (f oat 47.;' Use or disclosure of report data is
subject to the restriction on the Title
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static float xl[9J z ( (float) 1.0, (float) Ua.0,
(float) 224.0,
(float) 359.0, (float) 488.0, (float) 601.0,
(float) 774.0, (float) 840.0 , (float) 997.0 );

int cursjpos..plus;

setcolor( &brightblue );
curspos plus = curspos;
cursDoo--;
rbox(&xl cursjpos], &yl, &xl [cursjposp pus], &y2);

•void gms-nsoo(

f
float out x2 = (float) 0.0, out yl = (float) 1000.0;
fLoat out_x2 = (floats 1000.0, out~y2 =(float) 0.0;
float in xl = (float) 20.0, in yl = (float) 975.0;
float in x2 = (float) 975.0, inyy2 (float) 25.0;

int path = 0;
float text_height = (float) 40.0, copy height - (float) 25.0;
float wVg_height z (float) 70.0, gn_height a (float) 300.0;
float g _x - (float) 200.0, gwy = (float) 600.0;
static char gw[] z ( "GKS" );
float engx - (float) 300.0, eng-y a (float) 575.0;
static char eng[] z ( NENGIIEERINGN );

float corpx = (float) 300.0, corp-y 2 (float) 500.0;
stpt'c char :orp[] a ( "CORPORATIONu );
t. , addressx = (float) 360.0, addressy = (float) 400.0;
st-.c char address[] z ( WColbia, Vu );
float phone ~x - (float) 350.0, phovejy z (float) 350.0;

Sstatic char phone[] a ( (301) 995-0508" );

fticat copyx z (float) 450.0, copyy a (float) 30.0;
stmtic char copyD) w

("Copyright (c) GMS nigineering Corp 1988");
int hatch-index z 1;

setcolor(9,M_blue);
ber(&out_xl, ,out_yl, lout x2, &outy2);
setcotor(&light_ blue);
ber(&in xl, gin-y1, &inx2, 91%y2);
sethatchstyte(&hatchi ndex);
setstc r(&gs_btue, Lgla_bltue);

setstext(&•egheight, &asapet, "pith);
, vtcurabs(&enx, &Wy);
stext( gcm );
setstext(&txheight, &aspect, &path);
evtcurabs(&arex, &" dr_y);
stext( eng ) ;
WIvtcuiraos(&corpex, &corD_f)-
stext( corn );
setstext(&CtxtCheight, &aspect, ,path);
movtcurabs(&addres-sx, &addresscy);
stext( address );
movtcu.-abb%1&phone_x, &phcfieý_y );
st,-.tc phone );
setst-.xt(&,CCpy_height, X~aspect, &pamth)-
movtcurobfi(&copy_x, &copy-y),

stext( copy •;
deitcuro;

U'Us or disclos.ure of report data is
vibject to the restnction on th2 Title
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GMS ENGINEE mRIN CORPORATION Contract No. DAMD17-88-C-8018

void draw graph labets(int gi~graph, int bp~min, int tbpmax)I ( float gi range, bp-range, grange;
float yLevet. top~ylevel;
float ecg range;
int ecg~incr-mwt =5;
i nt acg~mx =0, ecg~mi n 10

itppA~incrwnt z2000;
mnt pps max = 6000, pps~min 0;I float press range;
int press incrimnt =100;
int press-max z 300, press-min = 0;
float hatchlength =(float) 3.0;I float no-Change = (float) 0.0;
float g~x1 (float) 112.0;
int glyl 669;
float g-x2 a (Boat) 651.1;
int gl~y2 a938;Ufloatg9X3 a(float) 695.0;

int eror x0;
static char Label E3J;
int path - 0;
float height z (float) 20.0;
mnt hatch-index z 1, i;
static int old-graph -1;
static int old_bp~mm -99, o~~ _ -99;

float Lbxi - 1z (float) 70)0.0;
float IbI yl a (float) 655.0:Ifloat Ibi -x2 a (float) 765.0;
float Ibl-y2 a (float) 690.0;
static char press IblO * ( "mmog"
static char ppm IbLlO a mrpmM )I static cha- ecgltblfl a "IN"'

if (drw grph restart) (
old graph * 1;
old bp~min -99;
old bp~mx -99;
drw grph restart &. 0;

setstclr( glight blue. &Light b~t
sethal'chstyte(Lhatch index);
setstext(&height, &aspect, t,amth..

if (9i graph 1z old grapri)(

gi~range z (float) (g1_y2 gl~yl);

retcetor( Wbue );
y~levl z (float) (glyl 15);
top-y level z (float) (91_y2 + 1)
bar(Iggx2, ty~level, Lgx3, &tup_-;_level);

if (gl graph zz1) (
ecg~rarqge z xfloat) (-cg_max ,ecg_ mi);

"~Use or dis~closure of repo-rt data is
subject '.o the rextricti'3,i on the Title86 page of this FinLI Rcport'
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S• ec•_mi n;

for ( yLetet = (ftomt) (glyl - 15);

ylevel, <= (flomt) g! v2;
y level ÷= (f•omt)ecgincr•nt * Ql_•ar•e / ec•_r•nge ) (
itom(i, tsbeL, tO):

Smovtcurabs(&g_;,2, &yteve• );

stext( tebet );
i += e•girtc•t;

)Smov•curebs(&LbL .•1, &Lbly! );

setstclr( &briQ•htgr•, &bright green);
s1:ext• ecstbL );
setstctr( &li3•_blue, &kigh•, blue );

i det [cur,');

)
el,•e if (gl grlh• == 2 !! Q1_gr• == 3) (

l•s r•e = (f|omt) (pressr•x • pros •:in);Si = •'essein; 1

•or ( ytevel, = (fLoat) (g _y, :• 15)•
ytevel, <= (fl'omt) gl y2;
y level += (flom•)press_•.cr•r•t*glrenge/pres•,r•ge)(

•tos(•, Label., 10);
movtcura•(•gx2, •y_•.e•t );

stext( ledoe[ );
i +• pre•sLncmnt;

S•)vt•'.urad•(&|bix!, &l oly! );

if ( g•.ir@ =:" Z ) setstckr,• •::right bh.• •'i•'• h'L•.•,

=text( p•tss tba );
se•.stcl,.'( &ligt.tbtue, &Light_•L•e );
•[tcu•();

else •f (11 gr# -= •) {
I H•_ra•ge = (fLoat) (•_max • pp•_J;n);

i - pps_.min;
fur ( y_•e.¢el, = (f[•;) (g1_yl -: 15);

yleve[ •= (fLom•) g1_y2;
yLeve| +; (floJt)pp•_incr•nt * g1_r•n•iv / pl;•_ra•ge ){
;tom(i, ta, be.l., 10)•

=o•.cur=b•(&Q_^2, &yLevet );
stext( [,abet );1 '

movt=urMoel•,tt•tx!, ,"llbLyl );
etr.tclr( •=b'•t orR, •=br-'gh, tcr•e );
•text( ¢q•_Lbl );

l [..et•T,{:lr( •Light •Lue, &L+ghtbtu• )•

deltcur();

else error = I;
)otdgr• = gl gra•oh;

( setcoL•r( &•tue );

y.level = (float" (gZy! - 5);
top y •.evet = ,float) (g2_y2 ÷ ?O);
bar(&Ox2, &.,,~t•[, •j•. x3, &topy_'.•vel);I

"Use or disclosure of re•Jor• data •sS87 subject to •;he restncti• on the Title

pMe of th•= Fm• •,•pc•t•.
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if (bpmin -0) (
p2_rwrie - (float) (g2_y2 -' g-^l
br-rarwga z (float) (bp~mx IbpMin);

fo moYtvtcu %at) ( 9g2. y -eve);

etse, %fot10*9_ag C.%g

nKovturabs&gxsLgv2 levlel);)
stext(lb) 25.0

movtcurabe(&g~x2, L~ee)

deLtzuro;

old bpmin ab"min;
Ocitdbp~mx = b~x

3 void oorein-vssettings()

irt ch;
in, old hr-3et, old -Sysset;
nt , dieits, max digits;

irt ket: ris. scrolled;

int poth x0, hatch index a 1;
flomt height x (float) 40.0;
float ?hr-X ! float) 360.0;

float ssx (float) 535.0;

fotcurs..xp~os (31;

3 mt hr -mir 3P, hrinax z 150;
in ssPtr.--30, sys~mx 230;

int diassm'n x10, diasmwax z 210;

float h -xI z (!lost) 185.0, h-x2 z (float) 725.0;
float h-yl a (float) 558.0, h~y2 a (float) 600.0;
float inuxl m(float) 125.0, m-x2 z (float) 290.0;

float #myl - (float) 340.0, mýy?2 x(float) 390.0;
float .1_xl r (float) 355.0, ml~x2 = (float) 425.0;
float mliyl 2 kfloat) 335.0, El-y2 z (float) 390.0;
float m2-x = (P'oet) 530.0, m2-x2 = (float) 605.0;
float m2-Yl w (float) 335.0, m2-y2 - (float) 390.0;
float m3 xi x (float) 635.0, md x2 z (float) 715.0;
float m3:yl - (float) 335.0, ad-YZ2 -(float) 390.0;Ifloat aI~xI - (float) 205.0, al -x2 = (float) 740.0;
float eOyl - Mfoat) 285.0, al_y2 - (float) 335.0;
float a 2-y I a (float) 230.0, a2 _y2 z (float) 280.0; " s rdsls r trp r aai

subject to the restriction on the Title388 page of this Fii~al Report"



GMIS ENGINVERING CORPORATION Contract No. DAMD17-88-C-8018

float a3 -yl z (float) 175.0, a3_y2 - (float) 225.0;
float e&._yl a (float) 120.0, &4_y2 =(float) 170.0;

float a5_yl a (float) 65.0, o5_y2 =(float) 115.0;

static int auto -hr(/J Is (60,80,72,40);
static mnt auto sys[43 (120,90,160,150);
static int auto-diasC4J (80,50,90,70);

char stringC3j;

oLd hr set xhr_set;I oLd sy-sset z sys set;

header: setcolor( 4yellow );
rbox(&h xl, gh~yl, Lh~x2, Zh-y2);I ~scpege( pegel);
scapage(pagel);
sccurset(10, 16);
kt~iuery(header, sizeof(header) , &key, Lnum scrolled);I ~stpcvt(header, TOMP);

sethatchstyle(ghatch index);
setstext(gheight, Zaspect, &path);Imanual: rbox(la Xl, Ukyl, &m-x2, Soay2);
.iiile ( Ikbhit() );-
ch z getcho;
if (ch zz 27)(

ex:t flag x 11;
goto end-rout;

if (ch - 0) ch a getcho;
if Cch -z 49 IIch az59) goto auto -1;
if (ch -a 50 ch aa60) goto auto_2;
if (ch zz 51 flch an 61) goto auto -3;
if (ch za52 jjch -- 62) goto auto..1,
if (ch 72 ch am 75 11 ch - 53 11ch aa 63) goto ai-to-5;
if (ch 'hIli ch -a IN') goto header;
if (ch ==13 ch -22 ,1 ch 2')(

/* Gtt hr. '
hr: for 0i=O; i-2; i-+)(

string[iJ II

rbox(lal xl, 1.1yl, 1.1x2, liiiy2);
I' Get first digit. *

digits a 0;

itoo(ch-48, digit, 10);
stext( digit )
deitcuro;

stringtdigits] - digittO);
ch a 1;
di gi ts++;
max digits a 3;
I' Get remaining digits "n convert to integer form. ~I tcurs-xpos WI x hr-x;
digits x read Volue(string, digits, -sx digits, tcurs~xpos);
if (cigits zz 99) ( I' Escape has been pushed. */

setcoor( b~ue"Use 
or disclosure of report data is

subject to the restriction on the Title
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detboxo;
ber(m1 ~xl, Sml yl, &ml x2, Wiiy 2 );
setcolor( &yellowi)U goto -.nafLu;

hr set asatoi (string);

if Chr-set ýchr min IIhr set > nrimfx) C

for( dgit x0; digits - max digits; dijits++)(

xpos xtcurs~xpos~digits];
uovtcurabs(&xjpos, iman-1b1y);
digit[03 string (nigits];
stext( digit );
string~digits]

deltcuro;
setstctr(lwhite, &White);3 goto hr;

/* Get sys. */

Sys: for (izO; iks2; i++)(Istring(i] 10
rboxC&2- x1, im2_yl, Winx2, &n2y2);
I' Get f Irst digit. *I digits a 0;
white ((ch <49 11 ch > 57) " ch Is 27) ch =getcho;
if (ch us27) (

hr set sold -hr set;
goto maiisal;

.ovtcurabs(&syr Y, Ixmn~tbL~y);
itoa(ch-48, digit, 10);
stext( digit )I ~dettc~uro;
stringldigits] z digit[WI;
ch a1;
diri ts44;
wI ax -digits x 3;
I' Get r amuining digits and convert to integer form. *

tcurs~xpo. I a sySax;
digits - read -vatue(strinr,, digits, mx digits, tcursx~pos);
if (digits -s 99) ( /* Escape has been pushed. ~

setcoior( &blue )
del box (;
bvr(I.1 x1, * mi yl, &mlx2, lml~y2);
bsr(La2_x1, 1.2yl, 1m~x2, 1m~y2);I ~setcolor( &yellowi );
hr set a old hr set;
goto Manual;

sys-set z atoi(string);

if ( sys set -c sys~min 11 sys set >sys~max)C
utsound(600, 9);
setstclr(&btue, &blue);
for C digits a 0; digits <= max_digits; digits++)(

xj o x wr~ j osd g t] Us e or disclosure of report d nta is
subject to the restriction on the Title

90 page of this Final Report"
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movtcurabs(&xoos, man~tb1_y);
digit[t3 str'ing~digits];
stext( digit );I stringtdigits]

deitcuro;

I goto Sys;

I' Get dies. *1
dias. for (0=O; i-2; i++)(

/* Gtt first y1 digit.~thO

if( 2 27) (
hr set a old hr set;
sy'. set z otd as sset;
goto MonuSL;

movtcurabs(&des~x, kFan_1b(y);
itnafcn-48, digit, 10);N ~stext( digit;

3~C ai 1;
digits-';
wx digits a 3;
/* Get raemingn digits arid ccuwert to int.ger form. ~U tcur#_xpos[O] a dies x;
digits a n~ed-vaL'e(sti'ing, dig~ts, max digits, tcurSAOS),
if (digits v- 99) ( /* Escape hes been pushed. ~

setcoior( Lbtue 11;
delboxo;
ber(31 ~xl, 3.1 p1, W.1x2, kaly?);
ber(&^2_xl, &e~yi, 3.2_x2, ka~y2);
ber(I3 x1, £a~yi, Wa A2. Way)
3etcclor( 4yeLtlow )
n' set = ad hr set;

if di:sset < dies mi 1das set >- sys set)

eet3tclr(&Nue, Lbue);

for C digits z Ci; digits <= mex digits; digits++)(
xpos z a r~~osdgt3
tsovtcurebs(&x~ps, &wnanbt~y);
cdigitCOl1 a stringtdigitsJ;I ~stext( digit )
string(Jigits] z

Oetteuro;U goto dies;

N *Use or dis-losure of report data is
subject to the ristriction on the Title91 page of this Final Report'
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etse if (ch sm'a, ch - A W h 77 ch 80)(
auto 1: rbox(&al xl, &al yl, &al x2, &al~y2);

while C Ikbhit())
ch =getcho;
if (ch -= 27)I exit fLag 11f

goto end rout;

if (ch 0) ch a getcho;
if (oh ~=49 ch ::59) goto auto_1;
if (ch -- 51 flh ~z61) goto auto_3;
if (ch ::52 Hch z:62) goto auto_4;
if (oh zz 53 II h :z63) goto autoS5;
7f (ch 'x h' ch zz WH) goto header;
if (ch :72 ch xx 75 11ch Z=I:

II h x- 'N') goto manual,,
if tct~ a, 11 HCh zz 'A' ch T277

II h an 80 11 ch ~=50 II r, . 60)
auto_2: rhox(&.al xl, &a2_yl, Lal x2, Way2);

white ( ikbhi~t()
oh II Vetcl-l~;3if (zh xz 27)

exit ftag :11;
goto end-rout;

if Wcl r 0) oh mn gethoh;
if (ch un72 11oh x75 11ch -2 49 11 ch rn59) goto auto 1;
if (ch sit 50 ch - 60; goto auto 2;
if (ch 1:52 fl h 51m62) gnto auto 4,
if ((41ur 53 flch arn 63) goto auto 5;
if (oh zz In fl h uu W;' goto manuirL;
if (ch arn 'h' ch ax 'W) goto header;
if (ch un'a' fl h ur 'A' 11ch 77 11cý 180

flch its 51 11 ch -an 61)(
auto_3: rbox(&&1.xl, &a3_yl, &&1_x2, &a~y2);

while:( Ikbh~t()
ýhagetch.O;
if(c a 27)

axit fLag a 11;I . goto end-rout;

if (ch urn 0) zh zn getcho;
if (ch arn 49 ~jch -r 59) goto auto -1;
if (ch urn 51 IIch usn 61) goto auto -3;
if (oh urn 53 ch arn 63) goto auto_5;
if (oh an'. In, ch am 'N') goto annual;
if (oh asn 'h' fl h zz 'H') goto header;
if (oh --:72 flch srn 75 11 oh 1-250 11ch 560) goto auto 2;
if (ch -x 'a oh: * A' 11ch I:=77

11 ch --80 11 oh --:52 11oh -:62)
auto_4: rbox(Lal xl, &a4_yl, &al x2, &a4_y2);

white ( lkbhit())
ch rn getcho;
if (oh us 27)

exit flag z 11;
goto end-rout;

if (oh =z0) ch z getcho;

if (h 4 11 h -59) otoauto1; 
Use or disclosure of report datui is

subject to the restriction on the Title
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if (ch an 50 ch -w 60) goto auto 2;
if (ch as52 Hch -a 62) goto auto -4;
if (ch 'w'Im ch 'N'IM) goto manual;
if (ch == 'IhI ch 'H') goto header;
if (ch =* 72 IIch 7 11ch ==51 11 ch 61) goto au-o 3;
if (ch as Wa ch 'A' 11ch =- 77

11 ch -80 11 ch ==53 11 ch == 63)
_un5 rbox(&al xl, &a5_yl, &al x2, &a5_y2),:

ch =getcho;
if (ch as 27)

exit-flag = ¶1;
goto end-rout;

if (ch -0) ch =petcho;Iif (ch zz 50 11 ch ==60) goto auto 2;
if (ch xx 51 11 ch 61) goto auto -3;
if (ch an 53 11 ch as 63) goto auto-5;
if (ch an IhI ch as IH') goto header;
if (ch as 72 IIch zz 75 11 ch am 52 il ch zz 6?) goto auto-4,
if (ch Ws'a ch zz 'A' 11 ch zz 49 ch -- 59) goto auto_1-,
if (ch as77 ch -- 80 11 ch zz Im' ch zz 'N') goto manua.;q else {

calfLag a 11;

else(
hr set a auto hr(3j;
SYS-set a auto sy S CS3J;

selset

dias -set Is auto dias (2];

else
hr -seta uohl]

else
hr -set at auto hrC0];USys set aat-y(]

I Ielse goto mainual;
end rout:

deLboxo;

int read Value(cher *string, int digits, int max digits, float *tcurs~xpes)

int sh =0
criar digitti]:

-~a _par s zo (float) 340.0;

"I'mt X-POS; 
'~~~~~Use or dslsr frpr aai
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int indey,;

/* Until. Enter (13) is preased, wait for keypresses, White
there are less than max-digits, accept new digits (48-57) and
increment size of string. When backspace (8) is pressed,

decremnent number of digits. */

5 white (ch t= 13 && ch In: 27) C
white ((ch < 48 11 ch >S7) M ch 1=13 && ch I= 8

&& ch In 27) oh = getcho;
if (ch -8) (

digits-;tor sdgtJ

movtcurabs(&xjvos, Ltcurs_yjyos);
setstcLr(&bluv, &blue);

U ~stext( digit )
dettcuro;
stringldigits) 1 ;
mo~vtcurabs(&xJpos, &tcurs~y__os);U setstdtr(&white, &white);

else
if ( oh -48 && ch <= 57)

if (digita uvmax. digits) utsozid(low~pitch, short durstion);I ele ~ iruqtcur(lxrpos. Ztcurs~yyos, Lindex);

N ~stext( digit)
detteiro;5 dioits-;

if ( ch =u27 )digits * 99;5if ( cfl Ic 13 c h In 27) oh =1;

return (digits);

I'. ~disable ints( state )a

!*This routine disables th~e interri...t capability on the DAS-8 board by *I 1 writing a 0 to the bit of the control register wý'ch is conne-.tad to/
/* the output enable line of the tni-state buffer whichi buf ers the out- ~
/* put of the interrupt flip-flop. The rest of the controt. word is left *

/* un~changed. The fun~ction returns the new control reg conterts. ~

int disable ints( state
int state;

state = state & -ENABLEI NTS ; * change only the int. enable bit

outp( DAS8-CO#ITROL, state ); I write to DAS-8 control register

return( state );/* return the revii.ed control wora

"" Use or disclosure of raport data i
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I /* This routine is the inverse of the above .I /* This routine also clears the interrupt ff on the DAS-8 board.

int enable_ intas state
mt state;

state = state I E4ABLE_INTS ; /* change only the int. enable bit

outp( DAS8_CONTROL, state ); /* write to DAS-8 control register

return( state ); /* return the revised cortrot word

int set imr( intschan, o• off ) /* programs the 8259 mask register
| .I

int int-chan; /" te interrupt L'it to set
-/

int onoff; /* the value 1 ¶ or 0 to set the mask to

7
int mask i, mask o;
int iO;

3 maski a rip( PIC + 1
if( on off - ON )X

rask o = rusk i & OxO1 << int chan );S~else
mask o = mask i ( OX<1 c int chan );

outp( PC + 1, mask o );
white( (mask_i m irn( PIC + 1 ) I= mask o )) /* if mask change didn't

take*/
C

outp( PIC, Ox20 ); /* put out generti EOI instruction /
outp( PIC + 1, masko); /w re-write mask

M +i > 10

printf(Ilfaited writing msk\n");
return( 1 );

)

return(O); /* success */

/* irt set timer( tntr, mode, f in, f-orn ) */

/* This routine initializes the specified counter in an 8254 to the*/
i /* specified mode "n wo.-form period or nmmber of events. *

/* BSM mode NOT sup;ported. *
/* The function returns the 16-bit count written to the 8254 if 'he*/
/* requested action was reasonable or possible,. A -1 return valve */
/* implies errant request. */

h mt set -timer( cntr, mod, _. f-or-n
int cntr; /* the selected counter */
int mode; /I the selected mode */
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double fin; /* the input frtvquency */
double for_n; /* output frequency or nrubier of
events */

int command;ant count;

Long int bigone;

if((cntr >x 0)"&(cntr < 3)&&(mode > 0)&&(mode < 6)&&(for n > 0.0))

command = cntr << 6; /* shift counter # to bits 7 and6 6 /
coemmand = comend I Ox30; /" always write a two-byte count */
cofnand - comrmad I ( mode 1 ); /* put mode in bits 3-1 */

outp( CNTCTRL com;and ); /' write the control word out

switch ( mode

case 0: count - (int) for n 1; /* terminal count *I
if( count < 0 ) /" if count too to*/

return( -1 );
outp( CNTmO + cntr, count ); /" to byte "I
outp( CWT_0 + cntr, count >> 8 );/* hi byte */
break;

case 1: printf(" Sorry! Node I of the 8254 not currently suported.\n");
break;

case 2:
case 3: big one % (tong)( (f in/f_or_n ) + .5 );

if( big-one > OxFFFF ) /* if count is too big */
return( -1 ); /* return error code */

count x (int) bigone; /* coerce big_one to int*/

if( count < 2 ) /* if count is too small "/
return(-1); /* return error code .1

outp( CWT_O + cntr, OxOOFF & count ); /* to byte */

outp( CNTO + cntr, OxOOFF & (count >> 8)); /P hi byte */
break;

case 4: printf(" Sorrfl Mode 4 of the 8254 not currently sUpported.\n");
break;

case 5: printf(P Sorry! Mode 5 of the 8254 not currently suported.\n");
break;

default: return( -1 ); /* unknown mode

else /* error ! /
return( -1 ); /* errant request /5 return( 0

/* */

S/" mint read-status( cntr ) */

/* This ruutinc, reads the status from the designated counter in the */

/I DAS-8's 8254. The return value is equal to status if the counter /
/* nu•ber is valid (i.e. 0 <= n <& 2), or 1 if invalid.

int read status( cntr
int cntr;

int coim•nd;

if( ( cntr > 0 )&&( cntrc3 ) ) /* cntr is valid...
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command (OxO2 < cntr ) OxEO; ,ý Latch status only 3

outp( CNT-CTRL. coMfind ) /* write the Latch coeunandl/I r~eturn ( 1np( CWTo + cntr ) ;/* return the status ~

return.,

voi1i arx_ isr(pregs, pisrbtk, pmsg)

voln arm r'~s isrt~k, pwe;)
ALLRE" ofregs; /I' L'. CPU registers when !SAinvokec '
:SRCTRL *VSt~k /* ptr to ISR control hitock
ISRMSG 'pmg, /3 used by dispatcher '

&TitMiY; /* just that. 3

I Pt irr" /3 sr versi m of the int. -eo. -eg

nt _~ddata; /3
The input I ror the AID converter

3static int charme! 0, /2 VDt channel to be converted 3

d~y=(pregs < pregs) IL (Pg > Fg); /* avoid compier ERRMSG,/
mlzury =(pm srb.;K< pisrbik);Ii~r = (inp( DAS8_STATUS >>» 4) & 0x03; /* get the int, req. reg, 3

cias.8_-state =das.8 state D3 0UTH1: I* set ext m4in serve fkag */
outo( DAS8_CONTRO-L, dasS state :/* init. and clear int FF*/

U ~switch~( ;r

case 0: ptinitf(" * ERVt INT SRC INDETERN!NATE ***\n");
outp{ PIC, SPECE0 ),' 11 Issue specific E01, 3

das8_state - osas state & -03_OEJT_M4h 1* clear ext iar !:;
outp( DAS8-DNTROL, das8_state )
return;

case FRAME: Framr clock
if( end-_frame )/* If not interrupting seLf:*J
*++frame,, /* Incremenmt frame

end frame z O; /* Mairmtair9'end of frameuflg*/
das8_state x das8 state & -03_OUJil; /* clear e..t isr bit 3

outp{ DAS8_C0WTROL-, des8_A;ate );
>uto( START_12_!n!T, OxOD ); /* Start 12-bit conversion.*/

else

a2c! date 4-m irp(A2DNT BYTE) -"4 ) & OxFFO; /* add hi byte 3

cae A2dt): -ag ofDW ti convert offse to2'cmpimn

Idas8 state = esstt& x7 I(caie+ %NADCW;
outp( DAS8_COWTROI., das8_st ate )

*Use ordisclosure of report iaia is
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switch( clr.nrneL

case AR7 P..P Arteri;a Pr ,sire
teadata =(tong *rt)kart9 (,'ong 1nt)a~d o&ita,

art -press ( 'rt)(teacdiata/(Lorq ir't)100) - off art~p);,
'If( ert~press <=O

art-pressII;f/ catftag C (
cdatal ay~i~ndex 'CEar,'= artjpress.
data-base[ a-P-index 3art press,'

data[ # D index I'Earl a2a data;
a-pI rdex = +aypi dex % MAX MEASURED;
break,

The fottowing cooe computes the new -t-tor veiocity in' rpm, given the1 /' vol tage representing the pressure error siona.,t*2

((Long intW.-%aipha *(Iong int)beta), Ii n)0)

i f( dacy 8 00 ) av=BO.

data[ a -p_- index I ELec] = ecgdýsE(bp_ ind+currert_.engttr-ŽC,) % current_ e'Wth];

~_id=++aprnd % currentLength;tenpdata *(Long int~dscy vý Ctorvg irtt)6O000,
data! 9_p-index I~ppl = Ont)(tempdeta j4095);3 59 index = 4 a-p_ *r ex MA-XEASURED;

oujtpCDACO~hII-oac_y >> 1,)
outp(DACO_.C,(Ida-cvY< 4

outp(DACIL0,(notor_v >> 4));
break;

case 04FF-P:*teapdata = (tong int)k~cuff~p *(Long it'a2U data,
cufjpress 2((int)(te~dat&/(,on in-t)100)-o~f cuff9);,

if( cuflpress <= )
cuf-press a 0;
if( cakf~ag = 0)C

data[ c~p index J Ecu) =cu,' Dress;

else
data( c-p-index I icul, a2ci oata;
c~p_index =.-cy ilndex % MAXMEASURED;

break;

c9 ~irdex = -c9 index % MAX_MEASURED;,
if( sys check 2=0)

cuf press =cufypress (10 esys_vaive);I ~itt cjafj~ress - 200

-sys-c e:K; 
Use or disclosure of report data -i
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eise if( sys check us 1'1cuf~pr-ess z cafj4'ess 010 * sys-vatve),;,
if( cuf _press - 150

-sys check;

das8sktate mdes8 state I 2_OJT_HI,;
) utp>(DAS8_c0N7ROL,otas3B_state);-

3 ~else * sys-check -= BLEED TTNE)

oaa8 -state = das8 state & -02_O.JT_814;
outp(DAS8_CkNTROt,OaaSh_state);,
-sys_check;

elcse if( SYS cheCK> BLEED TINE'

-s4ys_check;

i(cufp-s _.fpress -(d~as-vatve 10);

-Pres < 0 _ YScheck .0

t~~ata = ln~_ep * (long irnt)a2d data:

,vein-pwess m (iOnt)(tcdsts/(long int)100) - off-vein f
i(vein-press -0

I )~else
data[ 'vp index J~ie] a2d-data;

Yvp index = -*v~p-rdex % MAX MEASUIRED;

dataE c -t_ index ]fcol z core te~v;
c t index - ctidx% kESRD
breiak;

case SKIMT:
temdta =(Long int)k skin t - (long int)a2d-dataf-

skin -temp ( (int)b(teqiata/(ong int)100) - off skin~t,
datat £t_- index M ski - skin -temp;
St-index z 4+5_t-index % MAX M4EASURED;

break,,

default: Drintf( " CHAWi ERR \n" )f
)break;

deststate * dashkstate & -03_OJTHI;I ~outp( DAS8_CONTROL, das8_state )

c h ne1 - h ( 
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if( cha•net, ; -a ?)CHAN ) l* !F al. A/D channels sca•ne: */
{

charneL a 0; /* Reset charnel counter */

enldfrme YES; /* Flag end of frame /
ast -measured = 4-4last-measured % •AX_WEASURED;

else {

3 out:( START_ 2. BiT, OxO0 ); /" Sts-t !2-Dit conversion.*/

outo( PIC, SPECEOl );f /* ,ssue specific EOI 01
return;

I
I
I

I
I

I
I
I
I
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